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Rapidly Progressive Outer Retinal Necrosis in the 


Acquired Immunodeficiency Syndrome 





David J. Forster, M.D., Pravin U. Dugel, M.D., George T. Frangieh, M.D., 
Peter E. Liggett, M.D., and Narsing A. Rao, M.D. 


Two patients, both seropositive for the hu- 
man immunodeficiency virus, developed rap- 
idly progressive retinal necrosis associated 
with a systemic herpes zoster infection. The 
retinitis in these patients was characterized 
by primary involvement of the outer retina, 
with sparing of the inner retina and retinal 
vasculature until late in the disease process; a 
rapidly progressive course; poor response to 
intravenous acyclovir; and development of 
rhegmatogenous retinal detachment. In one of 
the patients, the retinitis was initially multi- 
focal. Electron microscopy of a retinal biopsy 
specimen from one of the patients demon- 
strated virus particles consistent with a her- 
pesvirus, and polymerase chain reaction dis- 
closed herpesvirus in a retinal biopsy 
specimen of the other patient. This entity may 
represent a distinct form of acute retinal ne- 
crosis that is seen in immunocompromised 
individuals. 


Tue acute RETINAL NECROSIS SYNDROME has 
been recognized with increasing frequency 
over the past decade. It is characterized by an 
acute, necrotizing retinitis with associated 
moderate to severe vitreitis and anterior cham- 
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ber reaction, and classically occurs in otherwise 
healthy individuals.’’ Bilateral involvement 
may occur in over one third of cases, and 
rhegmatogenous retinal detachment occurs in 
approximately 75% of cases.* Most cases are 
believed to represent a viral process, with vari- 
cella zoster and herpes simplex implicated in 
most cases and proven in some by viral cul- 
tures, immunofluorescent, and electron micro- 
scopic studies.*! 

A similar syndrome has been described in 
immunocompromised individuals, including 
patients with the acquired immunodeficiency 
syndrome.”"‘ We treated two patients over the 
course of three months, both of whom were 
HIV-positive and both of whom developed a 
necrotizing retinitis associated with cutaneous 
zoster infection. Both patients had rapidly pro- 
gressive disease and, despite intravenous acy- 
clovir therapy, developed rhegmatogenous reti- 
nal detachments that were successfully 
repaired surgically. What distinguished our pa- 
tients from those previously described was pri- 
mary involvement of the outer retina, with 
sparing of the inner retina as well as of the 
retinal vasculature until late in the disease 
process. 





Case Reports 





Case 1 

A 29-year-old man who had previously tested 
HIV-positive was referred to our institution 
with a two-week history of blurred vision in the 
right eye. He had had an episode of systemic 
cryptococcal infection one year previously, dur- 
ing which he had evidence of choroidal! infil- 
trates. The patient was treated with intravenous 
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Fig. 1 (Forster and associates). Case 1, 
right eye. Top, Initial fundus examination 
showing multifocal, deep retinal lesions. 
Middle, Two days later, showing marked 
progression of retinitis with confluence 
of lesions but absence of obvious vascu- 
lar involvement. Bottom, Six days after 
initial examination, demonstrating reti- 
nal necrosis with sparing of perivenous 
retina. 
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amphotericin B with disappearance of the cho- 
roidal lesions after seven months. 

On initial examination, visual acuity was 20 / 
20 in each eye without correction. Results of 
slit-lamp examination were normal. Ophthal- 
moscopic examination of the right eye dis- 
closed a hyperemic, swollen disk with numer- 
ous multifocal deep retinal and choroidal 
lesions throughout the peripheral fundus, ex- 
tending posteriorly (Fig. 1, top). The vessels 
were uninvolved, and the vitreous was Gear 
with no inflammatory cells. The left eye showed 
a hyperemic, swollen disk, but no retinal or 
choroidal lesions. Fluorescein angiography of 
the right eye demonstrated the peripheral deep 
retinal and choroidal lesions, which showed 
early blockage and late staining (Fig. 2, top). 
There was no evidence of vascular involve- 
ment. Examination disclosed multiple vesicles 
in a dermatomal pattern on the upper thorax, 
typical of cutaneous herpes zoster infection. 

Based on the initial manifestation of a deep 
multifocal chorioretinitis, a reactivation of the 
cryptococcal infection was suspected. Blood, 
urine, and cerebrospinal fluid cultures were 
obtained but were negative, as was the chest 
x-ray and computed tomographic scan of the 
head. Two days later, the multifocal peripheral 
lesions had progressed, becoming almost com- 
pletely confluent, but the vessels and central 
macula remained uninvolved (Fig. 1, middle). 
These findings were supported by repeat fiuo- 
rescein angiography, which showed staining of 
the outer retinal lesions but no vascular stain- 
ing (Fig. 2, middle). 

A presumptive diagnosis of atypical aeute 
retinal necrosis syndrome was made, and the 
patient was hospitalized and treated with a 
two-week course of intravenous acyclevir 
(1,500 mg/m* per day). The lesions continued 
to progress rapidly to involve the posterior 
pole, with the advancing edge consisting of 
multifocal outer retinal lesions. Within four 
days the entire retina was involved, at which 
time visual acuity in the right eye was reduced 


?¢H—_—____————— 


Fig. 2 (Forster and associates). Case 1, right eye 
Top, Initial fluorescein angiogram showing staining 
of disk and the deep retinal lesions. Middle, Two days 
later, showing more widespread staining of the deep 
retinal lesions but no vascular staining. Bottom, Six 
days after the initial examination, showing arterielar 
narrowing and staining of vessels. There is wide- 
spread staining of the necrotic retina but the perive- 
nous capillary network remains relatively intact. 
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to hand motions. The retina began to take ona 
necrotic appearance, but with sparing of the 
perivenous regions (Fig. 1, bottom). Fluoresce- 
in angiography at this stage disclosed more 
significant arteriolar involvement with attenua- 
tion and widespread staining of the necrotic 
retina; however, the perivenous capillary net- 
work remained relatively intact (Fig. 2, bot- 
tom). 

Six days after the initial examination, a total 
retinal detachment occurred in the right eye 
secondary to a superotemporal atrophic hole. 
The next day, pars plana vitrectomy, retinal 
biopsy, and silicone oil injection were per- 
formed. Electron microscopy of a portion of the 
biopsy specimen showed retinal necrosis and 
intranuclear and intracytoplasmic virus parti- 
cles measuring 100 nm in diameter that were 
morphologically consistent with the herpesvi- 
rus family (Fig. 3), Culture of the remainder of 
the biopsy specimen was negative. Two months 
postoperatively, the retina remained attached 
and visual acuity was counting fingers. 


Case 2 
A 35-year-old man who had tested HIV- 
positive in 1988 had an episode of herpes zoster 
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ophthalmicus involving the right eye in March 
1989. In November 1989 he developed a second 
episode of cutaneous zoster, this time involving 
the chest and abdomen, associated with an 
ascending sensory neuropathy involving the 
lower extremities and progressive loss of vision 
in the right eye. Results of a computed tomo- 
graphic scan of the head were normal. Lumbar 
puncture showed pleocytosis, but cultures and 
serologic tests for Cryptococcus and syphilis 
were negative. 

It was believed that the patient had dissemi- 
nated zoster infection with optic neuritis and 
ganglionitis, and he was treated with intrave- 
nous acyclovir and methylprednisolone for ten 
days. This was followed by treatment with oral 
acyclovir and prednisone. The patient had 
gradual improvement of the sensory neuropa- 
thy but only minimal improvement in vision in 
the right eye, which developed progressive op- 
tic atrophy. 

In February 1990, the patient noticed con- 
striction of the visual field in the left eye. 
Examination at that time showed visual acuity 
of R.E.: 4/200 and L.E.: 20/20. There was a 
right afferent pupillary defect. The right eye 
showed no evidence of inflammation in either 






Fig. 3 (Forster and associ- 
ates). Case 1. Electron mi- 
croscopy of retinal biopsy 
specimen, showing numer- 
ous hexagonally shaped virus 
particles measuring 100 nm 
in diameter, consistent with a 
herpesvirus (X 160,000). 
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the anterior chamber or vitreous. Ophthalmos- 
copy showed optic disk pallor but no evidence 
of retinitis. Examination of the left eye showed 
mild anterior chamber reaction and trace cells 
in the vitreous cavity. Fundus examination 
showed alternating areas of peripheral deep 
retinal necrosis and edema, which extended 
toward the optic nerve head nasally (Fig. 4, top 
left). There was no sign of hemorrhage, and the 
vessels appeared unaffected except for mild 
vascular dilation in the nasal periphery. Fluo- 
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rescein angiography showed localized areas of 
leakage in the nasal periphery, but no other 
abnormalities of the vessels were noted (Fig. 5). 

A diagnosis of atypical acute retinal necrosis 
syndrome was made, presumed secondary to 
varicella zoster. The patient was treated with 
oral acyclovir, 600 mg five times per day, but 
showed marked progression of the retinitis 
with extension into the posterior pole over the 
next week (Fig. 4, top right). Visual acuity was 
L.E.: 20/30, the vitreous continued to show 





Fig. 4 (Forster and associates). Case 2, left eye. Top left, Initial fundus examination showing peripheral areas of 
deep retinal necrosis. Top right, One week later, showing progression of retinitis into the posterior pole. Bottom 
left, Two weeks after the initial examination, showing continued progression but sparing of the retinal vessels in 
the areas of retinitis. Bottom right, Postoperative appearance showing widespread necrosis of surgically 
reattached retina. 
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only trace cells, and there was continued spar- 
ing of the inner retina with absence of vasculitis 
except in the periphery. The patient was given 
intravenous acyclovir, 1,500 mg/m* per day, 
but had continued progression of the retinitis 
on this regimen (Fig. 4, bottom left), and 
developed a superior retinal detachment from a 
large atrophic hole. 

The patient then underwent surgical repair of 
the retinal detachment, including scleral buck- 
le, vitrectomy, silicone oil infusion, and retinal 
biopsy. Virus culture of the biopsy specimen 
was negative; however, polymerase chain reac- 
tion disclosed a herpesvirus that could not be 
further identified. Histopathologic examination 
disclosed extensive glial tissue containing occa- 
sional inflammatory cells, but no evidence of 
intranuclear or intracytoplasmic inclusions. 
Electron microscopy failed to show virus inclu- 
sions. 

Postoperatively the retina remained attached, 
and the central macula remained uninvolved by 
the retinitis (Fig. 4, bottom right). Visual acuity 
six weeks postoperatively was L.E.: 20/300, 
which improved to 20/60 with the potential 
acuity meter. The right eye continued to show 
only optic atrophy with no evidence of retinitis. 





Discussion 





Although the acute retinal necrosis syndrome 
has been reported to occur typically in other- 





Fig. 5 (Forster and associates). Case 2, left eye. Left, 


wise healthy individuals, several recent reports 
have described a similar syndrome in immuno- 
compromised individuals.” Five cases have 
been reported in patients with malignancies, 
one ina patient with a renal transplant, and two 
in patients with AIDS. In one of these latter two 
patients with AIDS, bilateral acute retinal ne- 
crosis was the initial manifestation of AIDS.” 
All of the cases in immunocompromised pa- 
tients have been associated with a concomitant 
or antecedent cutaneous zoster infection, 
which makes varicella zoster a likely etiologic 
agent. 

We believe that our two cases also represent 
an infectious retinitis secondary to varicella 
zoster based on the concomitant cutaneous le- 
sions and clinical manifestation, as well as on 
the electron microscopic findings in one of the 
patients. Although virus particles were not 
demonstrated in the biopsy specimen from 
Case 2, this was not entirely unexpected, be- 
cause such particles are often difficult to dem- 
onstrate in areas of extensive reactive gliosis, as 
was seen in this specimen.’ 

This syndrome follows a somewhat different 
course in immunocompromised patients than 
in healthy individuals. Both of our patients 
demonstrated minimal intraocular inflamma- 
tion, unlike typical acute retinal necrosis, in 
which moderate to severe vitreitis with variable 
anterior chamber reaction is the norm. This 
lack of inflammation is undoubtedly a reflec- 
tion of the severe immune dysfunction in these 





Fluorescein angiogram at the time of the initial 
examination showing sparing of retinal vasculature in the posterior pole. Right, Same fluorescein angiogram 
showing small area of leakage in the nasal periphery. 


Vol. 110, No. 4 


Outer Retinal Necrosis and AIDS 347 





patients, which prevents them from mounting 
the inflammatory response typically seen in 
immunocompetent individuals. Additionally, 
the retinitis in our patients followed a rapidly 
progressive course despite acyclovir therapy. 
This, too, may be a result of the altered immune 
status of these patients. 

The most striking finding in our patients was 
the primary involvement of the outer retina, 
with minimal involvement of the inner retina. 
Both patients showed sparing of the retinal 
vasculature, clinically, angiographically, or 
both, until the retinitis was far advanced. Typi- 
cally, acute retinal necrosis results in marked 
retinal vasculitis and periphlebitis early in the 
disease process, with subsequent sclerosis or 
occlusion, which often affects the vessels in the 
posterior pole. Additionally, previous histo- 
pathologic studies of retinal tissue from pa- 
tients with acute retinal necrosis have shown 
full-thickness retinal necrosis, whereas elec- 
tron microscopy has demonstrated virus parti- 
cles predominantly within the inner retinal 
layers.*ë This pattern of involvement was not 
evident on clinical or angiographic examina- 
tion in either of our patients. 

Also of note in one of our patients (Case 1) 
was the multifocal nature of the disease process 
initially. Unlike typical acute retinal necrosis, 
in which the retinitis begins as confluent areas 
of necrosis in the periphery, this patient 
showed multiple small areas of outer retinitis 
extending into the posterior pole, which only 
later became confluent. Matsuo and associates” 
reported six cases of peripheral retinitis, simi- 
lar to typical cases of acute retinal necrosis, but 
in which the retinitis remained isolated without 
progressing rapidly into the posterior pole. 
Three of these six cases had increased titers to 
varicella zoster in the aqueous humor, and they 
postulated that these cases may represent a 
mild form of acute retinal necrosis. Our patient 
differed in that the lesions, which were initially 
multifocal, rapidly became confluent and in- 
volved the entire retina. 

It is logical to assume that these differences 
are secondary, at least in part, to the immune 
deficiency present in these patients, although 
immune dysfunction does not in and of itself 
seem adequate to explain the lack of inner 
retinal involvement. Therefore, the pattern of 
retinitis seen in our patients may represent a 
fundamentally different disease process from 
that seen in typical acute retinal necrosis. Con- 
versely, it may represent infection with an al- 


tered strain of virus not seen typically in other- 
wise healthy individuals. 

Although cytomegalovirus retinitis is gener- 
ally not a diagnostic consideration in otherwise 
healthy patients with acute retinal necrosis, 
this entity needs to be considered in immuno- 
compromised patients with progressive refini- 
tis. Typically, retinitis caused by cytomegalovi- 
rus is more hemorrhagic than is the retinitis 
associated with either herpes simplex or herpes 
zoster, and does not usually progress as rapid- 
ly. Furthermore, cytomegalovirus retinitis com- 
monly spreads along the vascular arcades, and 
less commonly spreads circumferentially in the 
retinal periphery before extending posteriorly. 
Diagnostic accuracy is important since the 
treatment is different for the two entities. Acy- 
clovir is the drug of choice for herpes simplex 
and zoster, but is ineffective against cytomega- 
lovirus (at least in doses that are nontoxic in 
humans). Conversely, whereas ganciclovir is 
active against cytomegalovirus as well as 
against herpes simplex and zoster, it is consid- 
ered to be too toxic for routine use against the 
latter two viruses. Ophthalmologists should be 
aware of this entity and distinguish it from 
cytomegalovirus retinitis, which is more com- 
mon in immunocompromised patients. 
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OPHTHALMIC MINIATURE 


When I leave home to walk to school, 


Dad always says to me, 
“Marco, keep your eyelids up 
And see what you can see.” 


But when I tell him where I’ve been 


and what I think I’ve seen, 
He looks at me and sternly says, 
‘Your eyesight’s much too keen. 


“Stop telling such outlandish tales. 
Stop turning minnows into whales.’ 
Dr. Suess, And To Think That I Saw It On Mulberry Street 

New York, Vanguard Press, 1937 


/ 


Crohns Disease and Retinal Vascular Disease 


Alan J. Ruby, M.D., and Lee M. Jampol, M.D. 


Patients with Crohn’s disease may manifest 
extraintestinal findings including ocular in- 
volvement. We treated two patients with 
Crohn’s disease who manifested retinal vas- 
cular disease that may have been related to the 
immune nature of the underlying disease or 
possibly to changes in the vasculature or coag- 
ulation system. One patient had a central 
retinal vein occlusion and the other had reti- 
nal vasculitis involving retinal arteries and 
veins with an apparent branch retinal artery 
occlusion. Both patients were in excellent 
health except for Crohn’s disease, which was 
confirmed by a biopsy specimen. In one pa- 
tient, the diagnosis of retinal vasculitis pre- 
ceded the clinical diagnosis of Crohn’s dis- 
ease, whereas for the second patient the 
symptomatology of the intestinal disease pre- 
ceded the ocular manifestations. We suggest 
that inflammatory bowel disease should be 
considered in the differential diagnosis of 
retinal vascular occlusive disease, especially 
in a young patient. 


[DIOPATHIC INFLAMMATORY BOWEL DISEASE refers 
to two clinically distinct entities: ulcerative 
colitis and Crohn's disease. Ulcerative colitis is 
primarily a mucosal disease limited to the large 
intestine and characterized by inflammation 
and diffuse vascular congestion. Crohn’s dis- 
ease is a transmural process that may affect any 
point along the digestive canal, most commonly 
the distal ileum and proximal colon. Histo- 
logically, Crohn’s disease is characterized by 
transmural inflammation with the formation 
of noncaseating granulomas.’ Numerous extra- 
intestinal complications of inflammatory bowel 
disease have been reported, which affect almost 
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every organ system in the body.*” There have, 
however, only been a few reported cases of 
retinal vascular disease in conjunction with 
inflammatory bowel disease.’ We treated two 
patients with retinal vascular disease and 
Crohn’s disease. 


Case Reports 


Case 1 

A 33-year-old woman, in whom Crohn's dis- 
ease was diagnosed in 1972, had an eight-week 
history of blurred vision and micropsia in the 
left eye in October 1980. The patient was taking 
50 mg of prednisone every other day and sulfa- 
salazine four times a day as treatment for the 
inflammatory bowel disease. She had no previ- 
ous ocular complaints and was otherwise in 
good health. 

Physical examination disclosed best-correct- 
ed visual acuity of R.E.: 20/25 and L.E.: 20/ 
400. Results of external examination, pupillary 
examination, and confrontational visual fields 
were all normal. Results of slit-lamp examina- 
tion were normal in both eyes, except for a few 
cells in the anterior chamber of the left eye. 
Intraocular pressure was R.E.: 17 mm Hg and 
L.E.: 15 mm Hg. Results of ophthalmoscopic 
examination of the right eye were normal, ex- 
cept for a choroidal nevus. Examination of the 
left eye (Fig. 1) disclosed marked disk edema 
with many peripapillary nerve fiber layer hem- 
orrhages. The venous system was dilated with 
dot and blot hemorrhages throughout the pe- 
ripheral retina. The macula was edematous 
with cystoid spaces. A fluorescein angiogram 
(Fig. 1) showed sluggish venous flow with mi- 
croaneurysms, capillary dilatation, and a late 
cystoid pattern. Disk leakage was present. Re- 
sults of laboratory studies including protein 
electrophoresis, fluorescent treponemal anti- 
body absorption test, rapid plasma reagin, anti- 
nuclear antibody, sedimentation rate, complete 
blood cell count, C;, and thyroid studies were 
all within normal limits. 

A diagnosis of central retinal vein occlusion 
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Fig. 1 (Ruby and Jampol). Case 1. Left, Left eye showing central retinal vein occlusion with marked disk edema 
and peripapillary nerve fiber layer hemorrhages. Right, Fluorescein angiogram of the left eye showing cystoid 


macular edema and late disk leakage. 


was made. At the time of the most recent 
follow-up in April 1990, examination disclosed 
visual acuity of L.E.: counting fingers with 
macular pigment mottling and retinal fibrosis. 
No evidence of neovascularization was seen. 
The patient continues to have flare-ups of ileitis 
and continues to take varying doses of predni- 
sone and sulfasalazine. 


Case 2 

A 25-year-old woman, in whom bilateral iri- 
docyclitis was diagnosed in 1983, was referred 
in May 1984 with vitreous floaters and blurred 
vision in the left eye for one week. The patient 
also complained of mouth ulcers that began 
after she took a sulfa antibiotic for an upper 
respiratory tract infection. She had not been 
treated for iritis since the initial episode. The 
patient's mother had Crohn’s disease. Best- 
corrected visual acuity was R.E.: 20/20 and 
L.E.: 20/20 — 2. Results of color vision test, 
external examination, and motility were all 
normal. Slit-lamp examination showed a few 
residual posterior synechiae in the left eye with 
pigment deposition on the anterior lens cap- 
sule. Results of the remainder of the anterior 
segment examination were normal. Results of 
ophthalmoscopic examination of the right eye 
were unremarkable. Examination of the left eye 
(Fig. 2) disclosed mild vitreous cells, arteriove- 
nous crossing changes with arteriolar attenua- 
tion, and venous dilatation with sheathing. 
There were scattered cotton-wool spots. Retinal 
vascular sheathing was seen (especially infero- 
temporally) involving the arteries and, to a 
lesser degree, the veins. The disk margins were 
blurred. Hemorrhages were scattered in the 


distribution of the inferotemporal vein. A fluo- 
rescein angiogram showed markedly delayed 
filling of the vessels in the inferotemporal 
quadrant with a branch artery occlusion, disk 
leakage, and staining of the veins (Fig. 2). 

Results of laboratory investigations including 
chest x-ray, complete blood cell count, erythro- 
cyte sedimentation rate, antinuclear antibody, 
rheumatoid factor, fluorescent treponemal anti- 
body absorption test, Toxoplasma titers, angio- 
tensin-converting enzyme, and purified protein 
derivative (tuberculin) test were normal. She 
was given 60 mg of prednisone every day with a 
gradual taper. By November 1984, she had 
discontinued taking all corticosteroids and 
showed no evidence of active vasculitis. The 
patient had iritis in the right eye in February 
1985 and was treated with topical corticoste- 
roids with subsequent resolution. She was not- 
ed to have minimal peripheral venous sheath- 
ing in the right eye in March 1988. Crohn’s 
disease was diagnosed after colonoscopy and 
intestinal biopsy in 1988. The symptoms of 
gastrointestinal disease had been present inter- 
mittently for many years. The patient has been 
followed up since that time without any flare- 
ups of the retinal vasculitis and visual acuity 
has remained 20/20 in both eyes. She is not 
being treated with corticosteroids for the bowel 
disease. 


Discussion 


Crohn’s disease is a multisystem disease 
characterized by arthritis, skin manifestations, 
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Fig. 2 (Ruby and Jampol). Case 2. Left, Left eye showing retinal vascular sheathing with multiple hemorrhages 
and cotton-wool spots. Right, Fluorescein angiogram of the left eye showing disk leakage and staining of the 
arteries and veins. 


malabsorption, gallstones, kidney stones, os- 
teoporosis, liver disease, peptic ulceration, cor- 
neal ulcers, keratitis, Sjogren’s syndrome, 
blepharitis, scleritis, myositis, orbital and 
eyelid edema, retrobulbar neuritis, and neu- 
roretinitis.*°* Many of the ocular conditions 
are believed to be secondary to the same 
phenomenon causing the underlying disease, 
namely immunologic disease that affects both 
the eyes and the bowel, possibly autoimmune in 
nature.” 

Although many ocular manifestations of 
Crohn’s disease have been reported, one pa- 
tient manifesting primarily retinal vasculitis 
has been described. Duker, Brown, and Brooks’ 
described a patient with Crohn’s disease, which 
was confirmed by a biopsy specimen, who man- 
ifested severe, bilateral, asymmetric, oblitera- 
tive retinal arteritis and phlebitis. Several cases 
that share some similarities with this case have 
also been reported. Macoul‘ described a patient 
with Crohn’s disease who showed evidence of 
vasculitis in the form of bilateral, severe neuro- 
retinitis and hyalitis associated with recurrent 
conjunctivitis, bilateral iridocyclitis, and mar- 
ginal corneal infiltrates and ulcers. Ellis and 
Gentry’ reported a case of retinal and disk 
edema associated with a hazy vitreous in a 
patient with Crohn’s ileitis. 

Many conditions may predispose an individ- 
ual to central or branch retinal vein occlusions, 
including alterations of blood flow, altered vis- 
cosity of the blood, and abnormalities of the 
coagulation system and of the vessel walls. 
Systemic diseases that can cause these changes 
include blood dyscrasias, dysproteinemias, 
vasculitis, and autoimmune diseases such as 


rheumatoid arthritis and systemic lupus ery- 
thematosus.” The association of inflammatory 
bowel disease with systemic vascular disease 
has been well documented. Thromboembolism 
is a recognized complication of inflammatory 
bowel disease that can involve the systemic 
vasculature as well as the cerebral and retinal 
vessels. Schneiderman, Sharpe, and Sutton” 
described five patients who had cerebral or 
retinal vascular occlusions in association with 
inflammatory bowel disease. One patient with 
Crohn’s disease, which was confirmed by a 
biopsy specimen, had bilateral retinal branch 
artery occlusions. Fluorescein angiography 
showed no evidence of intrinsic retinal vascular 
disease. No evidence of embolic phenomena 
could be documented, since the patient had a 
normal carotid arteriogram and echocardio- 
gram. Four other patients had cerebrovascular 
occlusions. An increased platelet count was 
identified in four of the five patients described. 
Neither of our patients demonstrated an in- 
creased platelet count. Talbot and associates” 
surveyed records of 7,199 patients with chronic 
ulcerative colitis or Crohn’s disease over an 
11-year period. Thromboembolic complica- 
tions developed in 92 (1.3%) of these patients 
(49 patients with Crohn’s disease). Other au- 
thors have reported cases of central retinal 
artery occlusion associated with ulcerative coli- 
tis.” These cases are similar to idiopathic 
retinal arteritis in which the patients, mostly 
young, manifest multiple retinal arterial occlu- 
sions." 

Alterations in the coagulation system that 
can occur with inflammatory bowel disease can 
also contribute to thrombosis. Coagulation 
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abnormalities that have been reported include 
accelerated thromboplastin generation, and in- 
creased levels of factor V, factor VIII, fibrin- 
ogen, and low antithrombin III concentra- 
tions.” Jong and associates” studied fibrinolytic 
activity in plasma and colonic mucosal biopsy 
specimens of 28 patients with inflammatory 
bowel diseases. In plasma of patients with 
inflammatory bowel disease, significantly 
decreased tissue-type plasminogen activa- 
tor activity, increased plasminogen activator 
inhibition and fibrinogen, and prolonged 
thrombin and prothrombin times were found. 
Patients with high plasminogen activator inhi- 
bition concentrations are at risk for developing 
deep venous thrombosis.” Increased plasma 
fibrinopeptide A levels and enhanced genera- 
tion of monocyte tissue factor activity in pa- 
tients with Crohn’s disease may contribute to 
the activation of blood coagulation.” It has 
been proposed that only patients with active 
inflammatory bowel disease suffer from this 
hypercoagulable state and that stable patients 
are not at increased risk of thromboembolism.” 
Neither of our patients had a history of previ- 
ous thromboembolism and neither had coagu- 
lation studies performed. 

Retinal vasculitis as a separate clinical entity 
has been reported as an isolated finding or in 
association with such systemic conditions as 
systemic lupus erythematosus, Behcet’s dis- 
ease, sarcoidosis, polyarteritis nodosum, Weg- 
ener’s granulomatosis, tuberculosis, syphilis, 
multiple sclerosis, and ankylosing spondyli- 
tis.” Most of these conditions have an underly- 
ing immunologic abnormality, which contrib- 
utes to the disease process. Characteristics of 
retinal vasculitis may include diffuse capillary 
leakage, cotton-wool spots, vascular sheathing, 
vascular occlusion, vitreous cells, and retinal 
hemorrhages. Our second patient manifested 
most of these characteristics. Her retinal 
findings were similar to those seen in some 
patients with Behcet’s disease. Behcet’s dis- 
ease, more common in males, is characterized 
by the classic triad of mouth ulcers, genital 
ulcers, and iritis. Diffuse capillary leakage, 
branch retinal vein or artery occlusions, infil- 
trates, and a terminal stage showing optic atro- 
phy and macular pigmentary changes comprise 
the retinal findings. Gastrointestinal lesions 
simulating Crohn’s disease can often be found 
in patients with Behcet’s disease, which cause 
diagnostic difficulties.” A complete rheumato- 
logic examination in Case 2 found no sys- 


temic abnormalities to support a diagnosis of 
Behcet's disease. This patient developed oral 
ulcers only after being treated with sulfa anti- 
biotics for a respiratory infection. Additionally, 
aphthous stomatitis can be seen in up to 11% of 
patients with Crohn’s disease and represents 
the mouth lesion most often seen in these 
patients.” 
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OPHTHALMIC MINIATURE 

Some men never injure themselves by being ridiculous . . . . A pamphlet 
has been received containing the names of “upwards of nine hundred 
persons operated on for the cure of strabismus or squinting by T.J. 
Crossman, M.D., with introductory remarks, notices of the public press, 
and correspondence with patients.” Well may the doctor exclaim, “eyes 
right,” after having pocketed, as acknowledged on the 9th page, 
$45,000... . Here is a young man, whose name rarely, if ever, appears in 
places where we are accustomed to find a catalogue of distinguished 
benefactors of the human race, who has secured a larger fortune within two 
or three years, according to his own account, by the practice of a trivial 
operation, than some of the most distinguished surgeons on the Continent 


acquire in half a century. 


Editorial note: Boston Med. Surg. J. 29:123-124, 1843. 





Complications of Tissue Plasminogen Activator Therapy 


After Vitrectomy for Diabetes 





Charles K. Dabbs, M.D., Thomas M. Aaberg, M.D., Hilda E. Aguilar, M.D., 
Paul Sternberg, Jr., M.D., Travis A. Meredith, M.D., and Alice R. Ward, M.S. 


Human recombinant tissue plasminogen ac- 
tivator (25 wg) was injected into seven eyes of 
six patients who had developed massive fibrin 
deposition after vitrectomy surgery for diabe- 
tes. Six eyes had developed pupillary mem- 
branes and recurrence of tractional retinal 
detachment from fibrin membranes, and one 
eye had developed only a pupillary mem- 
brane. All pupillary membranes resolved 
within one hour of administration of tissue 
plasminogen activator, and five tractional reti- 
nal detachments resolved within 24 hours. 
All eyes developed evidence of intraocular 
bleeding after tissue plasminogen activator 
injection. Subsequently, six of seven eyes 
developed recurrence of fibrin accumulation 
and tractional retinal detachment. 


Massive riprin ACCUMULATION is a severe com- 
plication after vitrectomy for diabetes and 
other conditions. Postvitrectomy fibrin forma- 
tion occurs after vitrectomy in 5% to 22% of 
cases and may be accompanied by the develop- 
ment of pupillary membranes and pupillary 
block, cataract, and ciliary body detachment 
with subsequent hypotony and recurrence of 
tractional retinal detachment.’ Tissue plasmin- 
ogen activator is a potent thrombolytic agent, 
which has been suggested for the treatment of 
postvitrectomy fibrin formation.*” Intracameral 
tissue plasminogen activator accelerates the 
clearance of hyphema and intraocular fibrin in 
both the anterior chamber and vitreous cavity 
of an animal model.*’ This has been shown to 
be unaccompanied by evidence of corneal tox- 
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icity in humans. A study in rabbits, however, 
has shown dose-dependent retinal toxicity 
when doses of tissue plasminogen activator 
exceed 25 wg.® Previous studies did not report 
bleeding complications encountered after ad- 
ministration of tissue plasminogen activator.“ 
Intraocular hemorrhage has been reported after 
tissue plasminogen activator injection into the 
eyes of rabbits with experimental hyphema’® 
and in rabbit eyes receiving intracameral injec- 
tions of tissue plasminogen activator after ex- 
perimental filtering surgery.” Bleeding after 
intracameral injection of tissue plasminogen 
activator has recently been described in two 
patients who were receiving the drug for post- 
vitrectomy fibrin formation.’ The source of 
bleeding was related to rubeosis irides in these 
two patients of 23 who were receiving the drug. 
We used tissue plasminogen activator to treat 
fibrin formation in six patients after vitrectomy 
for diabetes, and intraoperative tissue plasmin- 
ogen activator in a seventh patient with diabe- 
tes who was being operated on for complica- 
tions of fibrin formation after previous 
vitrectomy. 


Patients and Methods 


From January 1988 to March 1989, seven eyes 
of six patients with diabetes developed signifi- 
cant fibrin deposition after vitrectomy for pro- 
liferative diabetic retinopathy. These patients 
had one or more of the following on clinical 
examination: recurrence of tractional retinal 
detachment, progressive ciliary body detach- 
ment with hypotony, pupillary membrane pre- 
cluding view of the retina and preventing fur- 
ther laser or cryotherapy, or pupillary 
membrane inducing pupillary block with in- 
creased intraocular pressure. Fibrin was identi- 
fied by its opaque white appearance and forma- 
tion of acellular membranes in the anterior 
chamber or behind the iris. All patients re- 
ceived a trial of topical flurbiprofen 0.03% four 
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times per day and topical prednisolone acetate 
1% eyedrops every hour while awake. Three 
patients received retroseptal corticosteroid in- 
jections (40 mg of triamcinolone acetonide) as 
adjuvant therapy in treating fibrin deposition. 
All patients treated with tissue plasminogen 
activator had echography performed to evalu- 
ate the vitreous and retinal status before tissue 
plasminogen activator injection. All patients 
were informed of the known risks and benefits 
of intracameral injection and consent was ob- 
tained before drug instillation. 

Tissue plasminogen activator was prepared 
for intraocular use according to the method of 
Lambrou, Snyder, and Williams‘ by reconstitut- 
ing it according to the manufacturer’s instruc- 
tions. It was diluted to a final concentration of 
25 wg/100 ul and stored at —70 C as previously 
described.” 

Intraocular injections of tissue plasminogen 
activator were performed by first anesthetizing 
the eye with topical (0.5%) proparacaine hydro- 
chloride. Each eye received 10 drops, one per 
minute, of 0.3% gentamicin ophthalmic solu- 
tion. After placement of a sterile eyelid specu- 
lum, the cornea, conjunctiva, eyelid, and skin 
were preoperatively prepared with 10% povi- 
done-iodine solution. Using a 30-gauge needle 
on a tuberculin syringe, 100 pl of tissue plas- 
minogen activator (25 wg/100 wl) was injected 
through the clear cornea at the corneoscleral 
limbus in aphakic eyes, or 3.5 mm posterior to 
the corneoscleral limbus in phakic eyes. One 
eye received the same amount of tissue plas- 
minogen activator through the pars plana at the 
time of repeat vitrectomy surgery. 

The intraocular pressure was measured im- 
mediately after injection, and each patient was 
examined every 15 minutes for one hour after- 
ward. In six eyes, fluid-gas exchanges were 
performed within 24 hours after injection. 
Echography was repeated between four and 24 
hours after tissue plasminogen activator injec- 
tion. One patient underwent multiple tissue 
plasminogen activator injections for recurrence 
of evidence of fibrin membrane formation, 
which caused ciliary body or retinal detach- 
ment. 


Case Reports 


Case 1 

A 50-year-old man with a 37-year history of 
insulin-dependent diabetes mellitus under- 
went pars plana vitrectomy and membrane 
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stripping on Aug. 1, 1988, for diabetic traction- 
al retinal detachment of the left eye. Postopera- 
tively, the patient developed a recurrence of 
tractional retinal detachment with proliferative 
vitreoretinopathy of stage C3 (full-thickness 
fixed retinal folds in three quadrants) according 
to the Retina Society Classification” with a 
posterior break superior to the optic nerve. He 
was referred to our institution for treatment at 
that time. Repeat pars plana vitrectomy, mem- 
brane dissection, and endolaser panretmal 
photocoagulation were performed on Sept. 22, 
1988. The patient received topical 1% predniso- 
lone acetate and 0.03% flurbiprofen eyedrops 
every six hours postoperatively. After reselu- 
tion of the intraocular gas bubble, the patient 
had diffuse vitreous cavity hemorrhage. On 
Oct. 26, 1988, the patient had visual acuity of 
light perception and had developed neovascu- 
lar glaucoma with an intraocular pressure of 36 
mm Hg. On slit-lamp examination, fibrin eov- 
ered the anterior lens capsule. Echography 
showed a tractional retinal detachment. Be- 
cause of progressive rubeosis and recurrence of 
tractional retinal detachment, the patient re- 
ceived 25 wg of intravitreal tissue plasminogen 
activator, and within 24 hours there was resolu- 
tion of the tractional retinal detachment. How- 
ever, a 3.0-mm hyphema was noted within 24 
hours. A fluid-gas exchange was performed on 
Oct. 27, 1988, and by Nov. 2, 1988, the eye had 
become hypotonous and visual acuity had de- 
creased to no light perception with intraocular 
pressure of 2 mm Hg and a recurrence of trac- 
tional retinal detachment noted on echo- 


graphy. 


Case 2 

A 30-year-old woman with a 13-year history 
of insulin-dependent diabetes mellitus and 
new onset of renal failure was found to have 
bilateral diabetic tractional retinal detach- 
ments with vitreous hemorrhage. Visual acuity 
was R.E.: 20/200 and L.E.: hand motions. In 
June 1987, the patient underwent pars plana 
vitrectomy with panretinal endophotocoagula- 
tion to the left eye. In August 1987, she had 
persistent vitreous cavity blood and underwent 
vitreous cavity washout with additional photo- 
coagulation. The patient failed to return for 
follow-up until Feb. 24, 1988, at which time she 
had a cataract, vitreous hemorrhage, rubeesis, 
and tractional retinal detachment in the left 
eye. On March 1, 1988, repeat vitrectomy with 
membrane dissection, panretinal endophoteco- 
agulation, and lensectomy were performed on 
the left eye. On March 17, 1988, a severe fibri- 
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nous response had developed with a fibrin 
pupillary membrane and advancing rubeosis. 
On March 17, 1988, 25 ug of tissue plasmino- 
gen activator was injected into the anterior 
chamber, and within one hour the fibrin pupil- 
lary membrane had cleared completely. On 
March 18, 1988, a 2.0-mm hyphema was noted, 
and a fluid-gas exchange was performed. The 
patient continued on a regimen of flurbiprofen 
eyedrops four times a day and prednisolone 
acetate 1% eyedrops each hour. One week later 
the patient had visual acuity of light perception 
and advancing rubeosis with an intraocular 
pressure of 51 mm Hg in the left eye. By April 
1988, the patient had visual acuity of light 
perception with an intraocular pressure of 70 
mm Hg, and an 11.0-mm hyphema. Cyclocryo- 
therapy was applied to the left eye, but in June 
1988, the left eye had visual acuity of no light 
perception and was phthisic. 


Case 3 

This is the fellow eye of the same patient as 
described in Case 2, who had developed phthi- 
sis and visual acuity of no light perception in 
the left eye after vitrectomy. On June 30, 1988, 
the patient underwent pars plana vitrectomy, 
membrane dissection, panretinal endophotoco- 
agulation, scleral buckling, and peripheral cry- 
otherapy to the right eye for persistent vitreous 
hemorrhage with tractional retinal detach- 
ment. Postoperatively, the patient was treated 
with topical prednisolone acetate and flurbi- 
profen eyedrops four times a day. By July 20, 
1988, mild fibrin had developed in the vitreous 
cavity and 40 mg of triamcinolone acetate was 
injected periocularly into the retroseptal space. 
Less fibrin was noted on July 26, 1988, and 
topical medications were continued. On Aug. 8, 
1988, the patient had visual acuity of light 
perception and an intraocular pressure of 8 mm 
Hg. Fibrin obscured visualization of the fun- 
dus. Rubeosis and recurrence of tractional reti- 
nal detachment developed. Tissue plasminogen 
activator, 25 wg, was injected through the pars 
plana. The patient developed an 11.0-mm hy- 
phema within one hour and had marked bleed- 
ing from rubeotic vessels on the iris. Echo- 
graphic examination on Aug. 16, 1988, showed 
subretinal and suprachoroidal hemorrhage and 
visual acuity of no light perception. 


Case 7 

A 26-year-old woman with insulin-depen- 
dent diabetes for 24 years was examined initial- 
ly with a tractional retinal detachment in both 
eyes. Pars plana vitrectomy, membrane dissec- 
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tion, and panretinal photocoagulation were 
performed in the left eye on Sept. 12, 1988, and 
visual acuity improved to L.E.: 20/200 after the 
gas bubble had resolved on Nov. 19, 1988. A 
vitreous hemorrhage occurred Nov. 27, 1988, 
and a fluid-air exchange was performed with- 
out complications. On examination Dec. 23, 
1988, fibrin membranes had developed in the 
vitreous cavity. These improved initially with 
topical prednisolone acetate 1% eyedrops every 
hour, and flurbiprofen four times each day. A 
recurrence of tractional retinal detachment 
with cataract and progressive rubeosis devel- 
oped. On March 2, 1989, the patient underwent 
repeat vitrectomy with lensectomy, membrane 
dissection, and silicone oil injection. At the 
onset of the operation 25 pg of tissue plasmino- 
gen activator was injected into the vitreous 
cavity. Multiple sites of bleeding developed in 
retinal vessels immediately after injection of 
tissue plasminogen activator. This was treated 
successfully by increasing the intraocular pres- 
sure and by using endodiathermy. At two 
months of follow-up, fibrin had not reaccu- 
mulated in the eye of this patient and visual 
acuity was 20/100. 


Results 


We treated seven eyes of six patients with 
intracameral tissue plasminogen activator. All 
patients had undergone vitrectomy for compli- 
cations of proliferative diabetic retinopathy. 
The results of treatment are given in the Table. 
The patients with diabetes ranged in age from 
22 to 56 years. There were two men and four 
women. The average duration of diabetes melli- 
tus before developing a fibrin response to intra- 
ocular surgery was 19.5 years. The patients 
with diabetes developed fibrin membrane for- 
mation between 16 and 64 days after their last 
vitrectomy operation. All but two eyes had 
rubeosis before tissue plasminogen activator 
injection. In each of these eyes, the rubeosis 
worsened within 48 hours of tissue plasmino- 
gen activator injection. Six of the seven eyes 
received a single injection of tissue plasmino- 
gen activator. One eye received a total of six 
injections. Six of seven eyes underwent fluid- 
gas exchange 24 hours after tissue plasminogen 
activator injection to clear blood and fibrin 
degradation products from the vitreous cavity. 
One eye received a single intravitreal tissue 
plasminogen activator injection intraopera- 
tively. 
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TABLE 
DATA ON SEVEN EYES WITH COMPLICATIONS AFTER VITRECTOMY 
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TIME FROM 
DURATION SURGERY TO DOSES OF 
OF FIBRIN TISSUE NO. OF 
CASE NO., DIABETES AFFECTED RESPONSE PLASMINOGEN GAS 
AGE (YRS) (YRS) EYE (DAYS) HYPHEMA INITIAL VISUAL ACUITY ACTIVATOR EXCHANGES FINAL VISUAL ACUIT) 
1, 50 37 LE. 34 3mm Hand motions 1 None No light perception 
2, 30 13 LE. 16 11 mm Hand motions 1 1 No light perception 
3, 30 13 R.E. 20 11 mm 1/200 1 1 No light perception 
4, 22 16 LE. 20 9 mm Light perception 6 5 No light perception 
5,3 18 R.E. 51 3 mm 1/200 1 1 No light perception 
6, 56 10 LE. 64 3 mm Light perception 1 1 No light perception 
7, 26 24 LE. 60 None Hand motions 1 1 20/100 
Results showed initial resolution of traction- come from retinal vessels during vitrectomy 
al retinal detachment in five of six eyes treated Another case showed active bleeding from iris 
with tissue plasminogen activator for this rea- neovascularization after tissue plasminogen ac- 
son. There was resolution of fibrin pupillary tivator injection. One eye developed progres 
membranes within one hour of tissue plasmino- sive subretinal and suprachoroidal hemorrhage 
gen activator injection in all cases. Echography over a 24-hour period after tissue plasminogen 
was obtained before and after tissue plasmino- activator injection. Six of seven eyes developed 
gen activator injection. Figures 1 through 4 recurrence of intractable tractional retinal de- 
illustrate the nature of the tractional mem- tachment, and visual acuity has decreased to no 
branes and show their resolution with flatten- light perception. Only one eye has maintained 
ing of retinal detachment after tissue plasmino- an attached retina and has regained some visu- 
gen activator injection. Clinical photographs al function. 
also illustrate the resolution of fibrin pupillary 
membranes in the patient receiving tissue plas- 3 
minogen activator for this condition (Figs. 5 Discussion 
and 6). eel 
Intraocular hemorrhage was observed in five 
of seven eyes immediately after tissue plasmin- Fibrin exudation and deposition, followed by 
ogen activator injection. Two of seven eyes the development of fibrin-induced tractiona! 
developed a hyphema within 24 hours of injec- retinal detachment, is a severe complication of 
tion. The actual site of bleeding was noted in vitrectomy surgery.” The prevalence of fibrin 
only two cases. In one patient blood was seen to deposition after vitrectomy for diabetes melli- 
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Fig. 1 (Dabbs and associates). Case 5 before intra- — 
cameral tissue plasminogen activator. Fibrin mem- Fig. 2 (Dabbs and associates). Case 5 after tissue 
brane and tractional retinal detachment. plasminogen activator injection. 
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Fig. 3 (Dabbs and associates). Case 2 before intra- 
cameral tissue plasminogen activator with fibrin 
membrane and tractional retinal detachment. 


tus has been estimated at 22% of cases." Fortu- 
nately, the number of patients who develop 
recurrence of tractional retinal detachment 
from the fibrinoid syndrome is less.! Recombi- 
nant tissue plasminogen activator has been 
used to treat fibrin pupillary membranes, which 
can create pupillary block, with the possibility 
of using this drug for the release of intravitreal 
fibrin membranes, which create recurrence of 
retinal detachment. 

Previously published papers describing the 
tissue plasminogen activator toxicity, intravit- 
real clearance, and treatment of experimental 
fibrin and postvitrectomy fibrin formation have 
shown few hemorrhagic complications.*® Some 
complications of the experimental use of tissue 
plasminogen activator in rabbits have been re- 
ported. These include the development of flare 
and cell, vitreous membranes, corneal vascu- 
larization, cataracts, and depressed electroreti- 





al 
—— 


Fig. 5 (Dabbs and associates). Case 6 with fibrin 
pupillary membrane. 





Fig. 4 (Dabbs and associates). Case 2 after tissue 
plasminogen activator with resolution of membranes 
and tractional detachment. 


nogram amplitudes after a single injection of 
tissue plasminogen activator in a rabbit mod- 
el.’ The tissue plasminogen activator used in 
that study was not from a human monoclonal 
source, as was the case in our patients. Recent 
studies have implied retinal toxicity in tissue 
plasminogen activator doses exceeding 25 pg 
given to rabbits.*’’ This may be because of the 
toxicity of the vehicle rather than the tissue 
plasminogen activator itself. 

Recent studies using tissue plasminogen acti- 
vator for thrombolysis in acute myocardial in- 
farction have shown a high rate of hemorrhagic 
complications when the medication is given 
systemically. Forty percent of patients devel- 
oped what was termed significant’ hemor- 
rhage. Most of these events involved develop- 
ment of expanding intrafascial hematomas at 
the femoral infusion site. One percent of pa- 





Fig. 6 (Dabbs and associates). Case 6 two hours 
after intracameral tissue plasminogen activator injec- 
tion with resolution of membrane. 
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tients developed intracranial hemorrhage and 
3% developed gastrointestinal bleeding. Of all 
patients receiving tissue plasminogen activa- 
tor, 22% required transfusion to correct their 
hemorrhagic complications.” Loscalzo and 
Braunwald” also warned that the hemorrhagic 
complications of tissue plasminogen activator 
are only stopped by discontinuing the drug. 
There is no way to reverse the drug’s effect. 

We used tissue plasminogen activator to re- 
lieve fibrin-induced pupillary block in one eye, 
and fibrin-related recurrence of tractional reti- 
nal detachment after vitrectomy in six eyes. In 
each case, the fibrin pupillary membrane 
cleared within one hour after injection of tissue 
plasminogen activator. The vitreous mem- 
branes often cleared in four hours, and there 
was resolution of tractional retinal detachment 
in all but one case within 24 hours. No eyes 
showed any direct toxicity from the injection of 
tissue plasminogen activator. Unfortunately, 
all patients displayed some degree of anterior 
and posterior segment bleeding within 24 
hours of tissue plasminogen activator injection. 
There are many potential sources for the bleed- 
ing, including remaining anterior hyaloidal fi- 
brovascular proliferation, surgically trauma- 
tized retinal vessels, iris neovascularization, 
and lysed preretinal clot. 

Unquestionably, tissue plasminogen activa- 
tor is extremely effective in the lysis and degra- 
dation of fibrin membranes. As noted before, 
most tractional retinal detachments were 
relieved after tissue plasminogen activator 
injection. However, the tendency for fibrin 
reaccumulation and recurrence of tractional de- 
tachment was not halted. Adjunctive fluid-gas 
exchange and multiple tissue plasminogen acti- 
vator injections did not stabilize the retinal 
vessels that were leaking fibrin. Thus, although 
the fibrin membranes were cleared effectively 
by the tissue plasminogen activator, the fibri- 
noid syndrome was not inhibited in these eyes 
with complications. 

The fibrinoid syndrome results from mas- 
sive recurrence of fibrin formation and fibrin 
turnover within these eyes.’’” This is often 
accompanied by recurrence of bleeding or 
hemorrhage into the vitreous cavity. Fibrin ac- 
cumulation often occurs within two to six days 
after vitrectomy surgery.’’’ In our group of 
patients, however, fibrin accumulation oc- 
curred later, 16 to 64 days after surgery. This 
may imply that these eyes not only had prolifer- 
ative diabetic retinopathy but also had genera- 
lized ocular ischemia that induced massive 


breakdown of the blood-retinal barrier. Endo- 
thelial cells and pericytes lining blood vessel 
walls damaged by years of diabetes mellitus, 
and in some cases systemic hypertension, have 
a tendency to allow leakage of small and large 
molecular weight compounds. Studies have 
shown that blood, fibrin, and fibrin degradation 
products are toxic to ocular tissues. These deg- 
radation products also possess the ability to 
stimulate chemotaxis and degranulation of leu- 
kocytes and monocytes.” This activity may ir- 
reparably damage endothelial cells alneady 
compromised by chronic systemic disease. 
Thus, the fibrin and its degradation products 
may need to be removed from the eyes immedi- 
ately after tissue plasminogen activator mjec- 
tion to prevent further toxicity and further 
fibrin accumulation. Fibrin and its degradation 
products also serve to stimulate the transforma- 
tion of retinal pigment epithelial cells into cells 
resembling fibrocytes in vitro.” This transfor- 
mation of retinal pigment epithelial cells may 
play a key role in the formation of recurrence of 
tractional retinal detachment in these eyes. 
Thus, the mediated responses of recurrence of 
fibrin leakage and its role in tractional tissue 
development are not inhibited permanently by 
the administration of tissue plasminogen acti- 
vator intracamerally in these eyes. 

Tissue plasminogen activator successfully 
lysed all detectable fibrin membranes. These 
ischemic eyes, however, were lost to recurrence 
of fibrin exudation and tractional retina! de- 
tachment. These eyes succumbed to the chronic 
diabetic proliferative disease and microvascu- 
lopathy. We noted no direct evidence of toxicity 
secondary to tissue plasminogen activator. To 
save vision in eyes such as these, we not only 
need to be able to treat the complication of the 
fibrin accumulation, but more importantly we 
need to investigate means of preventing fibrin 
exudation and accumulation. 
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Vitrectomy Retinotomy Aspiration Biopsy of Choroidal 
Tumors 





David M. Fastenberg, M.D., Paul T. Finger, M.D., Quintus Chess, M.D., 
June H. Koizumi, M.D., and Samuel Packer, M.D. 


We used an investigational technique for 
the biopsy of intraocular tumors to aid in the 
diagnosis of three choroidal tumors. A three- 
port trans-pars plana vitrectomy was per- 
formed in conjunction with retinotomy, 
tumor biopsy, endophotocoagulation, and 
air-fluid exchange. Vitrectomy was used to 
decrease the amount of traction secondary to 
retained vitreous after intraocular surgery. 
Retinotomy sites were chosen under micro- 
scopic control to avoid large caliber retinal 
vessels. Then a modified tumor-aspiration 
technique, together with endophotocoagula- 
tion and aspiration of intraoperative vitreous 
hemorrhages, provided an opportunity to 
sample tumor tissue continually at varied 
depths. We have added standard vitreous sur- 
gery concepts, techniques, and instrumenta- 
tion to produce vitrectomy retinotomy aspira- 
tion biopsy of choroidal tumors. 


Diacnosis of soft tissue masses with needle 
aspiration biopsy was first described by Martin 
and Ellis’ in 1930. Advances in cytodiagnostic 
techniques, which allow the use of finer needles 
and smaller tissue samples, have increased the 
use and value of this technique.** Aspiration 
biopsy performed in conjunction with vitrec- 
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tomy has been shown to be useful in the diag- 
nosis of intraocular lymphoma.’ 

Fine-needle aspiration biopsy of choroidal 
tumors has been advocated for patients who 
refuse the recommended treatment unless there 
is a definite diagnosis, for metastatic choroidal 
tumors without known primary sources, and 
for atypically appearing tumors." Fine-needle 
aspiration biopsy has not been used routinely 
for determinations of the exact diagnosis or 
prognosis of more typical intraocular tumors 
because of intraocular complications (for exam- 
ple, vitreous hemorrhage), the possibility of 
dissemination of tumor cells, and difficulties 
with cytologic interpretation.” Folberg and 
associates!! and Jakobiec and associates’ have 
pointed out that the biopsy material obtained 
through fine-needle aspiration biopsy may not 
be representative of the entire tumor. 

The following new procedure (vitrectomy ret- 
inotomy aspiration biopsy) uses standard vit- 
rectomy techniques to facilitate aspiration biop- 
sy of solid intraocular tumors. Vitrectomy was 
performed to minimize intraoperative and post- 
operative hemorrhages and vitreoretinal trac- 
tion. The retinotomy site was chosen (under 
microscopic control) so that we could avoid 
larger caliber retinal vessels. Endophotocoagu- 
lation was used to stop intraoperative hemor- 
rhages, which allowed for a clear view during 
the biopsy procedures, and to prevent postop- 
erative vitreous hemorrhages (which allowed 
for evaluation of the tumor in follow-up). A 
modified aspiration biopsy technique provided 
a relatively large volume of tissue retrieved 
from within the tumor. Lastly, air-fluid ex- 
change was used to decrease the chance of 
postsurgical retinal detachment. 


Material and Methods 


Localized conjunctival peritomies were per- 
formed in the superotemporal, superonasal, 
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and inferotemporal quadrants. Sclerotomies 
were made 4.0 mm from the corneoscleral lim- 
bus for placement of the infusion cannula, 
cutter, and light pipe. A core vitrectomy was 
carried out, which included removal of vitreous 
gel over the tumor site. Under microscopic 
control, a retinotomy site was chosen to avoid 
large caliber retinal vessels. Then a retinotomy 
was performed with the vitreous cutter. A 
microvitreoretinal blade was used to raise tu- 
mor tissue through the retinotomy site. Then 
the tissue was aspirated through the open cut- 
ter portal, tubing, and finally into the tubercu- 
lin syringe used to generate suction. Varying 
levels of tumor were sampled by changing sy- 
ringes. Hemostasis was achieved by increasing 
intraocular pressure and by direct coagulation 
of bleeding vessels and tumor with either 
endocautery or endophotocoagulation. In all 
cases, localized hemorrhaging from within the 
tumor extended through the retinotomy sites, 
onto the retinal surfaces, and into the vitreous 
cavity. These hemorrhages were removed with 
the vitreous cutter, and the bleeding sites were 
subjected to endocautery or endophotocoag- 
ulation. The retinotomy margins were also 
treated with endophotocoagulation, and vitrec- 
tomy was continued before air-fluid exchange. 
Indirect ophthalmoscopic evaluation of the ret- 
inal periphery was performed after the scleroto- 
my sites were closed with 8-0 nylon. At the end 
of the procedure, subconjunctival injections of 
gentamicin sulfate, 40 mg, and methylprednis- 
olone acetate, 40 mg, were placed. 





Case Reports 





Case 1 

A 33-year-old bisexual man with no history 
of cancer had decreased visual acuity of the 
right eye for one week. Ophthalmic examina- 
tion disclosed a visual acuity of R.E.: light 
perception and L.E.: 20/20. A severe afferent 
pupillary defect was noted in the right eye, and 
ocular motility was within normal limits in 
both eyes. Intraocular pressure by applanation 
tonometry was R.E.: 12 mm Hg and L.E.: 11 mm 
Hg. Slit-lamp biomicroscopy was significant for 
brown irides, and a caruncular and eyelid nevus 
in the right eye. Indirect ophthalmoscopy dis- 
closed an almond-shaped intraocular tumor 
that rose abruptly from the choroid with its 


posterior edge 2.0 mm from the fovea and 5.0 
mm from the optic nerve. The tumor surface 
appeared gray, translucent, and atypical of cho- 
roidal melanoma. A shallow serous retinal de- 
tachment involved the macula and most of the 
inferior retina. The vitreous was clear. Stand- 
ardized echography was performed. A-scan dis- 
closed an apical tumor height of 5.9 mm and 
low internal reflectivity (acoustic hollowing).” 
B-scan disclosed a dome-shaped choroidal tu- 
mor, with the apex anterior to the equator in the 
10 o'clock meridian, and no evidence of extra- 
scleral extension. Fluorescein angiography 
showed evidence of papillitis and cystoid macu- 
lar edema.” 

We believed that the patient had an atypical 
choroidal tumor, and a complete metastatic, 
infectious, and inflammatory examination was 
initiated. This included computed tomographic 
scans of the orbits, brain, chest, and abdomen, 
as well as blood tests including a sequential 
multiple analyzer profile, complete blood cell 
count, gamma-glutamyl transpeptidase, human 
immunodeficiency virus, angiotensin-convert- 
ing enzyme, VDRL, and Toxoplasma screens. 
The patient also underwent a bone scan and 
skin testing for tuberculosis with anergy. Re- 
sults of all examinations were normal. 

The patient was given a two-week course of 
prednisone, 80 mg, orally per day and re-exam- 
ined. Visual acuity improved to R.E.: counting 
fingers, but the tumor was noted to have in- 
creased to 6.6 mm in apical height (as measured 
by A-scan). Considering the patient’s age, the 
unusual appearance of the tumor, cystoid mac- 
ular edema, papillitis, and rapid tumor growth, 
we believed that this was an atypical tumor.*” 
Our patient was offered the options of enuclea- 
tion, plaque therapy, or biopsy before treat- 
ment. A biopsy was preferred to eliminate the 
possibilities of a treatable inflammatory or in- 
fectious disorder involving the choroid. At the 
time of biopsy the tumor parenchyma appeared 
to be amelanotic and had a spongy consistency. 
A cytologic diagnosis of spindle-cell melanoma 
was obtained as a result of our biopsy tech- 
nique. Because of the patient’s pre-existing vis- 
ual loss secondary to papillitis, retinal detach- 
ment, and cystoid macular edema, he requested 
enucleation on the next day. The diagnosis of 
spindle B—choroidal melanoma was confirmed 
on examination of the enucleated specimen.” 
Twelve months after vitrectomy retinotomy as- 
piration biopsy, the patient has had no evi- 
dence of metastasis or orbital recurrence. 
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Case 2 

A 39-year-old man had a medical history of 
20 years of cigarette smoking and intravenous 
drug abuse. The patient had a two-year history 
of intermittent blurred vision and metamor- 
phopsia in the right eye. He noted no change in 
his relatively low body weight. 

Ophthalmic examination disclosed visual 
acuity of R.E.: 20/70 and L.E.: 20/20. Results 
of pupillary and ocular motor examinations 
were normal. Intraocular pressure by applana- 
tion tonometry was symmetric at 20 mm Hg 
in each eye. Results of slit-lamp examination 
were unremarkable. Indirect ophthalmoscopy 
showed a yellow subretinal tumor, 8.0 mm in 
largest basal diameter. The posterior margin 
was contiguous with the fovea and 3.4 mm from 
the edge of the optic nerve. Standardized echo- 
graphy was performed. A-scan examination 
disclosed an apical tumor height of 3.4 mm, and 
relatively high intratumoral reflectivity (consis- 
tent with a metastatic tumor). Fluorescein an- 
giography disclosed a discrete choroidal tumor 
demonstrating diffuse intratumoral leakage in 
the right eye. No evidence of choroidal tumor 
or leakage was noted in the left eye. 

A complete metastatic survey was initiated 
including computed tomographic scan of the 
chest, abdomen, brain, and orbit. An upper and 
lower gastrointestinal series, sequential multi- 
ple analyzer profile, complete blood cell count, 
fluorescein angiogram, and pulmonary consul- 
tation were obtained. When these tests proved 
negative, an examination for infectious and 
inflammatory causes was initiated, including a 
human immunodeficiency virus titer, fluores- 
cent treponemal antibody absorption test, an- 
giotensin-converting enzyme, tuberculosis, 
and Histoplasma skin tests as well as Toxocara 
and Toxoplasma titers. 

Repeat ultrasound examination three weeks 
after the initial examination disclosed that the 
tumor had increased to 4.4 mm in apical height. 
A tissue typing ultrasonographic evaluation 
was consistent with metastatic tumor." 

Although the tumor appeared to be a meta- 
static tumor on clinical and ultrasonographic 
examinations, a primary source could not be 
found.*' Our patient was offered enucleation to 
obtain a diagnosis, external beam radiotherapy 
(to treat presumed metastatic choroidal tumor), 
or a biopsy to obtain a cytopathologic diagno- 
sis. Aspiration biopsy was chosen. Before sur- 
gery, argon laser photocoagulation was per- 
formed around the tumor margin. During 
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subsequent biopsy, the tumor was noted to be 
fibrillar in texture. Cytology disclosed a few 
leukocytes, retinal pigment epithelial cells, de- 
generating cells, and rod-shaped structures of 
uncertain significance in the background and 
within cells. The possibility of Whipple's dis- 
ease was considered, but a subsequent biopsy 
of the jejunum was negative for this disorder. 
Seven weeks after the initial consultation, the 
tumor measured 15.0 mm in basal diameter, 5.4 
mm in height, and was juxtaposed to the optic 
nerve. The retina remained attached with no 
evidence of traction or subretinal fluid around 
the retinotomy site. Enucleation was per- 
formed, and the diagnosis of a poorly differen- 
tiated (mucicarmine-positive) adenocarcinoma 
was confirmed. Seven months after enucleation 
the patient developed intracranial tumors, un- 
derwent another complete metastatic survey, 
and, again, no primary lesion could be isolated. 


Case 3 

A 75-year-old woman with no history of 
cancer had a two-year history of progressive 
loss of vision in the left eye. Ophthalmic exami- 
nation disclosed visual acuity of R.E.: 20/30 
and L.E.: hand motions to 4 feet. An afferent 
pupillary defect was noted in the left eye, and 
ocular motility was normal. Intraocular pres- 
sure by applanation tonometry showed meas- 
urements of 19 mm Hg in each eye. Slit-lamp 
biomicroscopy showed blue irides, a large cuta- 
neous horn, and bilateral nuclear cataracts. 
Indirect ophthalmoscopy of the left eye dis- 
closed a 10.0 X 10.0-mm bland-yellow choroi- 
dal tumor with boundaries juxtaposed to the 
optic nerve and at the superior and inferior 
temporal arcades with slight pigmentation 
around the peripheral margins of the tumor. 
Results of examination of the right eye were 
normal. Standardized echography was per- 
formed. A-scan examination disclosed an api- 
cal tumor height of 4.4 mm with low internal 
reflectivity. B-scan examination showed a 
dome-shaped choroidal tumor at the posterior 
position with its apex in the 3 o’clock meridi- 
an.” Fluorescein angiography disclosed diffuse 
intratumoral leakage.” 

The results of a metastatic survey, which 
included a physical examination and chest x- 
ray, were negative for cancer. Computed tomo- 
graphic scans of the brain, orbits, and abdomen 
disclosed no evidence of extraocular extension 
or metastasis. Hematologic studies including a 
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sequential multiple analyzer profile, gamma- 
glutamyl transpeptidase, and complete blood 
cell count gave no evidence of metastatic dis- 
ease. 

The risks and benefits of observation, enucle- 
ation, radiotherapy, and biopsy were discussed 
with our patient. She refused to be treated 
without a definite histologic diagnosis.®’ Vit- 
rectomy retinotomy aspiration biopsy was per- 
formed, and the cytology specimen showed 
numerous epithelioid cells. Immunohistochem- 
ical staining (S-100) confirmed the diagnosis of 
melanoma. Our patient was made aware of the 
diagnosis, and one day later the eye was enucle- 
ated. Final histopathologic interpretation was 
in agreement with the cytopathologic diagnosis 
of epithelioid choroidal melanoma. Twelve 
months after vitrectomy retinotomy aspiration 
biopsy, our patient has had no evidence of 
metastatic disease or orbital recurrence. 


Discussion 


Although the rate of erroneous diagnosis of 
solid intraocular tumors has fallen to approxi- 
mately 2% to 4%, there are still cases that are 
clinically confusing and patients who refuse 
therapy without a definitive diagnosis.!"" 
Clearly, if there were an entirely safe biopsy 
technique, all patients with intraocular tumors 
could benefit from a conclusive diagnosis and 
determination of cell morphologic charac- 
teristics.” 

Fine-needle aspiration biopsy has been advo- 
cated as a valuable surgical technique in the 
treatment of intraocular tumors.*”’ Intraocular 
hemorrhages have been reported to occur rou- 
tinely with fine-needle aspiration biopsy.® Al- 
though reports have stated that the hemorrhag- 
es were mild and have cleared spontaneously, it 
is certainly conceivable that these hemorrhages 
can be more severe. In our patients, such hem- 
orrhages did develop and were treated by direct 
coagulation and by increasing the intraocular 
pressure. We believe that the addition of intra- 
ocular pressure management and endophoto- 
coagulation techniques offer more control of 
this potentially significant complication. 

Although no retinal detachments developed 
after vitrectomy retinotomy aspiration biopsy, 
the eyes of two of our patients were enucleated 
within a day of biopsy. In Case 2, the retina 
remained attached five weeks after the biepsy 
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and even after most of the air had been resorbed 
from the eye. 

A number of advantages to using standard 
vitreoretinal equipment and techniques during 
biopsy of solid intraocular tumors are apparent. 
Visual control was enhanced by the use of the 
operating microscope. We were able to avoid 
most of the large caliber retinal vessels when 
choosing our retinotomy sites; we were able to 
aspirate tumor tissue through the open cutter 
portal in a continual fashion until we were 
satisfied with the specimen; and we were able 
to control bleeding by the use of intraocular 
aspiration and coagulation techniques. 

Jakobiec and associates” reported that speci- 
mens obtained with fine-needle aspiration bi- 
opsy actually provide only a narrow cylinder of 
cells, and they questioned whether this was 
representative of the entire tumor. We do not 
know whether samples provided by vitrectomy 
retinotomy aspiration biopsy will be more rep- 
resentative of the overall tumor histologic 
characteristics. Certainly the ability to harvest 
the tumor continually should increase the 
quantity of tissue available for cytopathologic 
and immunohistochemical interpretation. Dur- 
ing tumor aspiration we also avoided the use 
of the vitreous cutting mechanism by débriding 
the tumor with a blade and aspirating through 
the open cutter portal.” 

Tumor dissemination remains a major con- 
cern associated with the use of fine-needle 
aspiration biopsy.” No clinical studies sub- 
stantiate an increased risk of tumor dissemina- 
tion in patients undergoing fine-needle aspira- 
tion biopsy. We do not believe that our 
technique, which used larger sclerotomy sites 
(20 gauge), will increase the risk of tumor 
dissemination. 

No histologic evidence of extrascleral exten- 
sion or intravascular invasion of tumor cells 
were noted in three cases where vitrectomy was 
performed for vitreous hemorrhage in eyes 
found to contain choroidal melanomas.” Addi- 
tionally, Peyman, Raichand, and Schulman” 
have advocated surgical debulking of choroidal 
melanomas through a transretinal approach. In 
vitrectomy retinotomy aspiration biopsy, cellu- 
lar debris, which may accumulate in the vitre- 
ous after the actual tumor biopsy or endophoto- 
coagulation, can be debulked with further 
vitrectomy carried out after the biopsy is com- 
pleted. This theoretically should minimize the 
retention of any viable cells. 

Vitrectomy retinotomy aspiration biopsy also 
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offers an advantage in clinical situations where 
there is ultrasonographic evidence of an intra- 
ocular tumor with opaque media. Once the 
media is cleared with vitrectomy, a specific area 
for biopsy can be chosen rather than relying on 
ultrasonographic localization, as in fine-needle 
aspiration biopsy.” 
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Magnetic Resonance Imaging in the Evaluation of 
Vitreoretinal Disease in Eyes With Intraocular Silicone Oil 





Jeffrey G. Gross, M.D., John R. Hesselink, M.D., Gary A. Press, M.D., 
Michael H. Goldbaum, M.D., and William R. Freeman, M.D. 


Media opacification in eyes filled with sili- 
cone oil makes the evaluation of recurrent 
retinal detachment difficult. Ultrasonography 
through silicone oil is subject to significant 
imaging artifacts. We performed magnetic res- 
onance imaging on six patients with unilater- 
al intravitreal silicone oil to determine if the 
technique would detect detached retina and 
subretinal oil. All patients had undergone 
pars plana vitrectomy with silicone oil injec- 
tion for proliferative vitreoretinopathy; five 
patients had encircling solid silicone scleral 
buckles. In five patients the media were clear, 
and ophthalmoscopic findings were correlated 
with magnetic resonance findings. Four pa- 
tients had recurrence of inferior retinal de- 
tachment; magnetic resonance imaging dem- 
onstrated subretinal oil in three of these 
patients. One patient had a concentric, shal- 
low, anterior retinal detachment; magnetic 
resonance scanning demonstrated a globular 
hyperintensity suggestive of subretinal oil. In 
the sixth patient, who had an opaque cornea, 
magnetic resonance imaging suggested that 
the retina was attached preoperatively; this 
was confirmed at subsequent surgery. A chem- 
ical shift artifact was helpful in defining the 
contour of retinal detachments and the pres- 
ence of subretinal oil by outlining the silicone 
oil within the eye. 
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SiLicoNE OIL INTERNAL TAMPONADE has made 
possible the successful anatomic repair of com- 
plex retinal detachments.’” Silicone oil floats in 
the aqueous ocular environment and may allow 
the inferior retina to redetach from recurrent or 
unrelieved traction with the potential for new 
retinal breaks. An open retinal break under 
traction may allow oil to flow into the subreti- 
nal space and emulsification of silicone oil may 
produce droplets that can migrate through 
open retinotomies.* Silicone oil in contact with 
retinal photoreceptors may be toxic,’ and com- 
plete removal of subretinal oil is difficult. De- 
termination of whether the retina is attached 
and whether subretinal oil is present is impera- 
tive in planning future surgical approaches. 
Ultrasonography is especially helpful in de- 
termining the presence of retinal detachment, 
vitreous hemorrhage, and choroidal or scleral 
abnormalities in eyes with opaque intraocular 
media or anterior segment opacities. Corneal 
opacification either secondary to prolonged en- 
dothelial contact with silicone oil or from the 
trauma of previous surgery may make the eval- 
uation of recurrent proliferative vitreoretinopa- 
thy in these eyes difficult.*”° Ultrasonography 
through silicone oil is subject to significant 
imaging artifacts. The propagation velocity of 
ultrasound in oil is reduced by approximately 
50% to 66% compared with normal vitreous. 
This property causes a linear magnification of 
the image,’* and intraocular structures are im- 
aged poorly and distorted because of attenua- 
tion of the sound waves.” Other imaging arti- 
facts result from the multiple reflections caused 
by a spherical oil bubble in the anterior cham- 
ber. Scattering of the soundwave away from the 
transducer leads to a loss of signal from the 
peripheral retina.’ Although subretinal oil has 
been demonstrated by high double peaks of 
retina and sclera on standardized A-scan, the 
images may be difficult to interpret.*” 
Computed tomographic and magnetic reso- 
nance scans image the contours of detached 
retina as a difference between the hypodense 
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vitreous and the hyperdense proteinaceous 
subretinal fluid of chronic and exudative retinal 
detachments.” Magnetic resonance imaging 
has also been useful in the evaluation of poster- 
ior segment causes of leukocoria, uveal melano- 
ma, optic nerve glioma, and orbital abnormali- 
ties." 


Patients and Methods 


Magnetic resonance imaging was used in six 
patients with unilateral intravitreal silicone oil 
to determine if the technique would detect 
detached retina and subretinal oil. All patients 
had undergone pars plana vitrectomy with sili- 
cone oil injection for proliferative vitreoreti- 
nopathy. Five of the patients had scleral buck- 
les. In four patients a persistent inferior retinal 
detachment occurred secondary to recurrent or 
persistent traction. In five patients the media 
were clear and ophthalmoscopy was used to 
correlate clinically the findings of magnetic 
resonance imaging. In one patient with corneal 
opacification, magnetic resonance imaging was 
used as a preoperative diagnostic aid and clini- 
cal correlations were made intraoperatively. 
The same grade of silicone oil (1,000 centi- 
stokes, 0.97 g/cc specific gravity) was used in 
all cases. 

Magnetic resonance scans were performed on 
a 1.5-T superconducting magnet system (Signa, 
General Electric Company, Milwaukee, Wis- 
consin), using either the head coil or a 14.0-cm 
round surface coil. Proton density and T,- 
weighted images (repetition time [TR], 2,000 
msec; echo time [TE], 20 and 60 msec) were 
obtained in the axial plane, followed by T,- 
weighted images (TR, 600 msec; TE, 20 msec). 
Based on the findings on the axial scans, sup- 
plemental scans were obtained in the sagittal 
and coronal plane. Other imaging measure- 
ments included a 256.0 X 256.0 matrix, 16.0- 
cm field of view, 3.0- to 5.0-cm slick thickness, 
and two excitations. 


Case Reports 


Case 1 

Ophthalmoscopy demonstrated a highly ele- 
vated inferior retinal detachment extending 
above the superior arcades. Numerous subreti- 
nal bands were noted beneath detached retina, 





Fig. 1 (Gross and associates). Case 1. Sagittal pro- 
ton density-weighted magnetic resonance scan dem- 
onstrates hyperintense silicone oil completely filling 
both the vitreous cavity and the subretinal space via 
a large opening (thin arrow) in the inferior detached 
retina. The retina appears artifactually thick at the 
retina-silicone oil interface because of the signal 
void portion (arrows) of the chemical shift phenome- 
non along the retina contour. 


and a large retinal hole was visualized in the 
midperiphery below the optic disk. 

The magnetic resonance scans demonstrated 
a large inferior retinal detachment with hyper- 
intense silicone oil filling both the vitreous 
cavity and subretinal space through a large hole 
in the retina (Fig. 1). The chemical shift phe- 
nomenon manifested a bright signal along the 
edges of the silicone oil-retina interface in the 
direction of the frequency gradient. The de- 
tached retina appeared artifactually thick be- 
cause of a signal void along the retina contour. 
The intraocular silicone oil had a slightly high- 
er signal than normal vitreous on all pulse 
sequences largely because of the shorter T, of 
the oil. 


Case 2 

Ophthalmoscopy demonstrated a shallow 
area of tractional retinal detachment with sur- 
face membranes peripheral to the inferotem- 
poral vascular arcade. The retina was attached 
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in the posterior pole and superiorly. An encir- 
cling scleral buckle was noted. The silicone oil 
bubble extended into the anterior chamber but 
did not contact the cornea. 

The magnetic resonance scans showed the 
vitreous chamber filled with silicone oil that 
was hyperintense compared to the vitreous of 
the normal left eye. The hyperintense oil also 
extended into the anterior chamber. No retinal 
detachment was seen. A scleral buckle indent- 
ed the globe slightly anterior to the equator. 


Case 4 

A completely opacified corneal graft prevent- 
ed a view of the fundus. Magnetic resonance 
scans demonstrated a small globe and encir- 
cling scleral buckle (Fig. 2). Hyperintense oil 
filled the vitreous chamber. No retinal detach- 
ment or subretinal silicone oil was evident. 
Axial T,-weighted images suggested that oil 
filled the anterior chamber. These findings were 
confirmed at subsequent surgery to replace the 
opacified graft. 


Case 5 

Ophthalmoscopy disclosed a complete shal- 
low detachment of the retina. The retina was 
drawn into numerous folds over the optic disk. 
Subretinal bands were noted, and several reti- 
nal holes were visualized temporally over the 
macular area and in the midperiphery. An en- 
circling silicone buckle was noted. 





Fig. 2 (Gross and associates). Case 4. Axia! T,- 
weighted magnetic resonance scan demonstrates a 
small globe and encircling solid silicone band (ar- 
row). Silicone oil fills the vitreous. The high signal 
intensity portion (arrowheads) of the chemical shift 
artifact obscures the anterior chamber. The retima is 
attached. 
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Fig. 3 (Gross and associates). Case 5. Axial proton 
density-weighted magnetic resonance scan demon- 
strates posterior retinal detachment (arrows) with 
intravitreal and subretinal silicone oil. Oil is present 
in the anterior chamber but is obscured by the high 
signal intensity of the chemical shift artifact. 


Magnetic resonance imaging demonstrated 
that the retina was detached posteriorly (Fig. 3). 
The subretinal fluid had the same signal inten- 
sity as the vitreous chamber on both proton 
density and T,-weighted scans, which suggest- 
ed that it was oil as well. Oil was noted in the 
anterior chamber. 


Case 6 

Ophthalmoscopy demonstrated oil within 
the anterior chamber and touching the cornea. 
The retina was attached posteriorly but was 
detached anterior to the scleral buckle secon- 
dary to peripheral traction. The detachment 
extended clockwise from the 2 o’clock meridian 
to the 12 o’clock meridian. There was a small 
amount of oil beneath the retina at the 12 
o'clock meridian. 

Magnetic resonance scans demonstrated a 
scleral buckle temporally. There was a concen- 
tric detachment of the retina anterior to the 
equator of the left globe (Fig. 4). The subretinal 
space was small and it was difficult to be certain 
whether or not oil had entered the subretinal 
space. A globular portion of the medial-anteri- 
or-superior subretinal space, corresponding to 
the oil seen clinically, was hyperintense on 





Vol. 110, No. 4 


Magnetic Resonance Imaging of Vitreoretinal Disease 369 








Fig. 4 (Gross and associates). Case 6. Axial T- 
weighted magnetic resonance scan demonstrates the 
vitreous cavity completely filled with silicone oil. A 
globular hyperintensity of the medial-superior-ante- 
rior subretinal space is consistent with silicone oil 
and is outlined by the thick, high intensity signal 
portion of the chemical shift artifact (arrow), which 
obscures details of the anterior chamber. A scleral 
buckle is present at the equator (small arrow) slightly 
posterior to the subretinal oil. 


both T,- and T,-weighted images and was con- 
sistent with silicone oil. Silicone oil was noted 
in the anterior chamber of the left globe. 


Discussion 


The ability to image retinal detachments with 
magnetic resonance scans has been reported.” 
The retina provides a barrier between the rela- 
tively hyperintense subretinal fluid of chronic 
or exudative retinal detachments and the vitre- 
ous. The higher protein concentration in these 
types of retinal detachments produces a short- 
ened relaxation time and higher intensity T,- 
weighted image.” The spatial resolution of 
magnetic resonance imaging is inadequate to 
resolve the actual retina, even in highly bullous 
detachments.” 

The image intensity is based on four factors: 
proton density, T, relaxation times, T, relaxa- 
tion times, and degree of molecular mobili- 
ty." The T, relaxation time (spin-lattice or 
longitudinal relaxation) reflects the loss in ki- 
netic energy of excited nuclei. This value is 
dependent on sample structure, temperature, 
and viscosity. The T, relaxation time (spin or 
transverse relaxation) reflects the signal decay 
at a constant characteristic for each tissue. 

The T,-weighted images (short pulse repeti- 
tion time) display structures with the shortest 


T, relaxation time as the greatest signal intensi 
ty, minimize motion artifact, and provide the 
best reproduction of anatomic structures. A 
tissue with the longest T, relaxation time will 
produce the greatest signal on long pulse repe- 
tition and echo delay times (T.-weighted). The 
combination of T,- and T.-weighted images 
gives additional information about specific tis- 
sue characteristics.’ 

Long relaxation times are characteristic of 
liquids because of high molecular mobility. 
Protein may bind free water and shorten the 
relaxation time. Signal intensity becomes great- 
er as protein concentration, and presumably 
viscosity, increases. Thus, acute retinal detach- 
ments with relatively liquid subretinal fluid, 
similar to vitreous, and low protein concentra- 
tion, cannot be imaged presently with magnetic 
resonance scans. Silicone oil is highly viscous 
and produces a slightly hyperintense signal as 
compared to vitreous and aqueous fluid. More 
over, the slightly different resonance frequency 
of the silicone oil results in a chemical shift 
misregistration artifact at interfaces between 
the oil and aqueous body fluids or tissues. 

Chemical shift misregistration occurs be- 
tween lipid and water molecules because of 
their different resonant frequencies.“ This ef- 
fect is displayed as artifactual black (signal 
void) and white bands (high intensity) by the 
edges of tissue structures in the direction of tae 
frequency gradient. This technique provides 
superb edge enhancement along structures 
containing water adjacent to fatty structures, as 
is seen frequently in images of the optic nerve 
against the retrobulbar fat.~ Although the reti- 
na is beyond the resolution of magnetic reso- 
nance imaging, the compartmentalization of oi! 
on both sides of the detached retina produces 
the chemical shift artifact, and the retina is 
outlined by the contour of the oil (Fig. 1). It may 
be difficult to distinguish chronic subretinal 
fluid from subretinal silicone oil, because both 
viscous liquids would give relatively hyperin- 
tense signals compared to vitreous. This arti- 
fact can also interfere with accurate analysis of 
ocular fluids. Figures 3 and 4 illustrate the 
thick, white, high signal intensity band obscur- 
ing the details of the anterior chamber. Patients 
imaged in the usual supine position, however, 
would almost always have silicone oil in the 
anterior chamber because the oil floats if aque- 
ous fluid is present. 

Magnetic resonance scans can define the con- 
tour of retinal detachments and the presence of 
silicone oil in the vitreous cavity or subretinal 
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space by imaging the outline of silicone oil 
within the eye. This capability is clinically use- 
ful in patients with opacified corneas or lenses 
in which silicone oil has been used. 
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Histopathologic Study of the Molteno Glaucoma Implant 
in Three Patients 





Benjamin Rubin, M.D., Chi-Chao Chan, M.D., Miguel Burnier, M.D., 
Lucille Munion, M.D., and Jeffrey Freedman, M.D. 


Three eyes with the Molteno glaucoma im- 
plant (one eye with epithelial downgrowth, 
one eye with iridocorneal endothelial syn- 
drome, and one eye with aphakia and glauco- 
ma) were enucleated two to six years after 
implantation. Histopathologic examinations 
disclosed no evidence of erosion of sclera or 
conjunctiva of the eye by the glaucoma im- 
plant device. In the outer layers of the bleb 
wall, few and mostly degenerated inflamma- 
tory cells were present, which represented a 
minimal inflammatory reaction. Scanning 
electron microscopy of the tubes in these 
three patients showed that the tube was intact, 
patent, and without signs of degradation. The 
tube entering into the anterior chamber 
caused no appreciable inflammation and 
maintained its patency even when down- 
growth epithelial cells lined the anterior 
chamber. The Molteno plate induced little or 
no inflammatory reaction. Therefore, the Mol- 
teno glaucoma implant is a useful device for 
patients with high risk for failure after sur- 
gery for glaucoma. 


TREATMENT OPTIONS available for glaucoma can 
be divided into two groups: those that reduce 
aqueous production and those that facilitate 
aqueous removal. Failure to treat successfully 
secondary glaucoma with conventional glauco- 
ma surgery led to the development of a shunt 
tube. A variety of devices, including the Mol- 
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teno glaucoma implant, have been designed for 
decreasing intraocular pressure in eyes in 
which glaucoma surgery has failed. The most 
widely used drainage device is the Molteno 
glaucoma implant. In 1969, Molteno intro- 
duced the first version of a new plastic implant 
for use in neovascular glaucoma. The long-tube 
modification of the implant was developed and 
first used in 1973 and was the forerunner of all 
equatorially draining implants.’ The successful 
results that have been reported with the use of 
the Molteno implant, as well as modifications 
that have been developed to decrease its com- 
plications, have resulted in its increased usage 
for the treatment of patients with high risk for 
failure after surgery for glaucoma.™* 

The Molteno glaucoma implant consists of 
two major components: a silicone tube with a 
0.6-mm outside and a 0.3-mm inside diameter 
attached to a 13.0-mm diameter polypropylene 
plate. The plate is 2.0 mm high on its edge. The 
tubular portion of the glaucoma implant allows 
passage of fluid through the lumina to the 
episcleral surface.’ The equatorial-plate glauco- 
ma implant relocates the filtering bleb at or 
posterior to the equator of the eye. The bleb is 
formed in accordance with Young-Laplace’s 
law: the force stretching the fibrous bleb is the 
intraocular pressure times the radius of curva- 
ture of the bleb. Thus, by using a large bleb- 
spreading plate, a large hemispherical! bleb is 
created. A plate of 13.0 mm creates a bleb of at 
least 134.0 mm’ before distention.’ The indica- 
tions for the use of Molteno implants are eyes 
that have a poor prognosis for conventional 
glaucoma surgery and eyes that retain sufficient 
vision to justify surgical intervention. The com- 
mon indications are aphakic or pseudophakic, 
neovascular, uveitic, congenital, postkerato- 
plasty, iridocorneal endothelial, and epithelial 
downgrowth glaucoma, and open-angle glau- 
coma in which previous trabeculectomy has 
failed. 

A number of histologic reports have de- 
scribed the Molteno glaucoma implant in ani- 
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mals and humans.*' We examined the histolog- 
ic characteristics and electron microscopy of 
three eyes, one eye with epithelial down- 
growth, one with iridocorneal endothelial syn- 
drome, and one with aphakia and glaucoma, 
which had undergone implantation of a Mol- 
teno glaucoma implant. 


Case Reports 


Case 1 

On Feb. 19, 1990, a 63-year-old black man 
underwent an extracapsular cataract extraction 
with implantation of an iris-fixated, four-loop, 
iris-suture intraocular lens. Six months later 
(August 1980) a surgical discission of a secon- 
dary cataract membrane was performed. Pest- 
operative visual acuity was 20/20. Three years 
later (November 1983) the patient had blurred 
vision, and a large cyst emanating from the iris 
was noted. Argon laser treatment was applied 
to the cyst, and the visual complaints abated. 
One month later (December 1983) a fine mem- 
brane developed and extended from the inferior 
iris onto the posterior face of the intraocular 
lens. Five months later (May 1984) this mem- 
brane was excised, and the intraocular lens was 
exchanged and replaced with an anterior cham- 
ber lens. Three months later (August 1984) an 
endothelial line with corneal edema superior to 
this line was documented. A diagnosis of epi- 
thelial downgrowth was made.* The intraocular 
lens was removed because of chronic inflamma- 
tion. Intraocular pressure was normal until De- 
cember 1985. Increased intraocular pressure 
did not respond to antiglaucoma medications, 
and the patient underwent a subscleral thermal 
scleral trabeculectomy, followed three months 
later (May 1986) by 180 degrees of cyclocryo- 
surgery. A corneal perforation with descemeto- 
cele developed and was treated with an eccen- 
tric corneal patch graft two months after the 
cyclocryosurgery. Intraocular pressure again 
increased to 40 mm Hg, and the eye again 
underwent additional cyclocryosurgery. Was- 
cular ingrowth occurred in the donor cornea, 
and intraocular pressure increased to 48 mm 
Hg. A staphyloma involving cornea and sclera 
developed. A single-plate, long-tube Molteno 
glaucoma implant under a scleral patch graft 
was performed in January 1987.’ Postopera- 
tively, intraocular pressure averaged 12 mm 
Hg, and visual acuity was light perception. 
Over the next two years, intraocular pressure 
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remained below 16 mm Hg. In August 1989 the 
patient developed a traumatic corneal perfora- 
tion with a total retinal detachment, and the 
eye was enucleated because of pain. 


Case 2 

A 65-year-old black man had corneal edema, 
bullous keratopathy, iris atrophy, and in- 
creased intraocular pressure in the left eye. A 
diagnosis of iridocorneal endothelial syndrome 
was made. The patient underwent two filtering 
procedures, which failed and resulted in intra- 
ocular pressure of 45 mm Hg. A Molteno glau- 
coma implant was placed in October 1983, and 
intraocular pressure averaged 20 mm Hg. Four 
years later the patient underwent a penetrating 
keratoplasty and maintained intraocular pres- 
sure of 20 mm Hg postoperatively. Chronic 
rejection developed, the cornea became 
opaque, and recurrent erosions developed. The 
patient sustained a traumatic rupture in No- 
vember 1989, and the eye was enucleated. 


Case 3 

A 78-year-old black woman had aphakic 
bullous keratopathy and uncontrollable intra- 
ocular pressure in the right eye. A Molteno 
glaucoma implant was placed in June 1987. 
Intraocular pressure was controlled. The eye 
was enucleated in November 1989 because of 
persistent and painful bullous keratopathy. 


Material and Methods 


The eyes were enucleated and placed in for- 
malin. The globes were opened to the horizon- 
tal plane and submitted for paraffin sectioning 
and scanning electron microscopy. Serial sec- 
tions through the implanted tube were ob- 
tained with hematoxylin and eosin and periodic 
acid-Schiff stains in Cases 1 and 2. Selected 
areas were stained with Gram stain. Scanning 
electron microscopy of the implant itself was 
performed on all three eyes, with more exten- 
sive work carried out in Case 3, with the im- 
plant and its surrounding tissue processed to- 
gether. 


Results 


Case 1 
Macroscopic examination disclosed a firm 
globe measuring 17.5 X 23.0 X 22.5 mm. The 
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a) 


Fig. 1 (Rubin and associates). Case 1. Macroscopic 
view of the anterior chamber with the tube. 


opaque cornea measured 10.5 xX 9.0 mm. The 
eye did not transilluminate except for a large 
superonasal bleb. The bleb measured 13.0 mm 
in diameter. A plate connected to a silicone 
tube entering the anterior chamber (Fig. 1) was 
identifiable from the corneoscleral limbus to 
the posterior pole. No adhesions were found 
between the plate and the fibrous tissue bleb. 
The bleb formed a semioval cavity. The anterior 
chamber was obliterated and the angle was 
totally occluded. The lens was absent, the vitre- 
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ous was full of fresh blood, and the retina was 
totally detached. 

Microscopic examination confirmed the pres- 
ence of a central descemetocele, peripheral 
scar, and neovascularization in the cornea. Ex- 
tensive epithelial downgrowth totally covered 
the angles, the anterior and posterior surfaces 
of the iris, and the pars plicata. Other patholog- 
ic findings included residual lens material, fo- 
cal subchoroidal hemorrhage below the plate, 
total retinal detachment, and gliosis. Neither 
necrosis nor inflammatory response was pres- 
ent. The Molteno glaucoma implant was identi- 
fied by a bleb representing the plate, which was 
wide open without evidence of inflammation 
and was located in the superonasal quadrant of 
the eye. The bleb was divided into two areas, a 
superior and an inferior wall. There was a 
transition from dense to loose connective tissue 
from the center of the bleb to the superior 
external wall. The superior bleb was subtenon’s 
and demonstrated numerous collagen fibers 
with vessels but without inflammatory reaction 
(Fig. 2). There were some degenerated inflam- 
matory cells in the inferior portion of the bleb. 
Connective tissue and scleral collagen fibers 
meshed together with small blood vessels seen 
at the interface. There was a thin cellular lining 
identified on the surface on this well-defined 
capsule. The tube entered the anterior chamber 


Fig. 2 (Rubin and associ- 
ates). Case 1. The wide open 
bleb (star) circumscribed by 
connective tissue. There is no 
inflammatory reaction (he- 
matoxylin and eosin, Xx 100). 
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anterior to the iris root (Fig. 3). The tube ap- 
peared to go through the peripheral iridectomy 
site and lodged against the posterior iris root. 
At the area where the tube entered the eye at 
the iris root, there was mild inflammation com- 
posed of lymphocytes and plasma cells. There 
was also a layer of fibrous tissue covering the 
outside of the tube with a sharp demarcation 
from the epithelial downgrowth. In the area 
where the epithelium thinned out there was an 
area of hyalinization and loss of blood vessels. 
It appeared as if epithelial downgrowth tissue 
was unable to grow on the surface of the tube. 
The tube was patent throughout. 

Scanning electron microscopy showed the 
plate and the tube. In both the internal and 
external surfaces of the tube there were few 
degenerative cells and some organic material. 
There were no inflammatory cells over the tube 
surface. 


Case 2 

Macroscopic examination disclosed that the 
left eye measured 23.5 X 26.0 X 23.0 mm. The 
globe permitted good transillumination. The 
cornea measured 13.0 X 11.0 mm, with sutures 
in the corneal graft. A large central corneal 
defect measured 8.0 mm in diameter. There was 
a large superotemporal subtenon’s bleb, 15.0 
mm in diameter, which permitted good transil- 
lumination. The iris was atrophic and showed 





Fig. 3 (Rubin and associ- 
ates). Case 1. Epithelial 
downgrowth (arrow) com- 
posed of multilayered epithe- 
lium covering the anterior 
and posterior surface of the 
iris adjacent to the tube (star) 
(hematoxylin and eosin, 
x 200). 


entropion. A small amount of residual lens 
material remained. The prolapsed organized 
vitreous and 200 degrees of peripheral de- 
tached retina comprised a pupillary membrane. 

Microscopic examination disclosed a central- 
ly perforated cornea with prolapsed vitreous, 
residual lens material, and detached retinal 
tissue. At the edge of the perforation the corne- 
al tissue was necrotic and infiltrated with in- 
flammatory cells. The entire angle was totally 
occluded by a thin attenuated layer of pigment- 
ed cells. There were thickened pigment clumps 
of melanocytes in the iris. A small foci of 
lymphocytic infiltration was noted in the ciliary 
body. The choroid was normal. 

The Molteno glaucoma implant was delineat- 
ed by a large bleb in the superonasal quadrant 
of the eye. This bleb was wide open without 
evidence of inflammation. The bleb was divided 
into two areas, a superior and an inferior bleb. 
There was a transition from dense to loose 
connective tissue from the center of the bleb to 
the superior external wall. The wall of the 
superior bleb was subtenon’s and was formed 
with numerous collagen fibers with vessels but 
without inflammatory cells or inflammation. 
The inferior portion of the bleb showed no 
inflammatory reaction. Connective tissue and 
scleral collagen fibers meshed together with 
small blood vessels seen at the interface. There 
was a thin cell lining identified on the surface 
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on this well-defined capsule. The patent tube 
entered the anterior chamber at the angle. No 
inflammatory cells around the tube were identi- 
fied (Fig. 4). 

Scanning electron microscopy of the internal 
and external surfaces of the tube demonstrated 
few degenerative cells and some organic mate- 
rial. Macrophages or lymphocytes were not 
noted over the tube surface. 


Case 3 

Macroscopic examination disclosed that the 
right globe measured 32.0 X 27.0 X 26.0 mm. 
This large globe permitted good transillumina- 
tion. The cornea measured 11.0 X 12.0 mm. 
There was a large superotemporal subtenon’s 
bleb, 15.0 mm in diameter, which permitted 
transillumination. 

Microscopic examination of the globe with- 
out the Molteno glaucoma implant and its sur- 
rounding tissue disclosed that an inflammatory 
corneal pannus with a lymphocytic infiltrate 
was present. The retina showed loss of ganglion 
cells throughout. The sclera showed inflamma- 
tory infiltrate composed of lymphocytes and 
plasma cells in association with fibrovascular 
proliferation and edema. This finding, which 
was not associated with the Molteno glaucoma 
implant, was consistent with chronic nongran- 
ulomatous scleritis. 

Scanning electron microscopy showed that 


Fig. 4 (Rubin and associ- 
ates). Case 2. The wide open 
bleb (star) showing numer- 
ous collagen fibers with 
neovascularization (arrow). 
There are no inflammatory 
cells (hematoxylin and eosin, 
x 200). 


the external surfaces of the tube and the plate 
were free of inflammatory cells. The surround- 
ing tissue was composed of small amounts of 
degenerated fibers (Fig. 5). Inside the tube, the 
inner surface showed few degenerated cells 


(Fig. 6). 





Discussion 





In our three patients with the Molteno glau- 
coma implant, the tube was patent with no 
inflammatory reaction associated with the de- 
vice. Intraocular pressure was maintained by 
the Molteno operation for 2% years in Cases 1 
and 3 and six years in Case 2. 

In Case 1, the Molteno glaucoma implant 
successfully controlled intraocular pressure in 
an eye with epithelial downgrowth and glauco- 
ma, in which conventional medical and surgical 
treatment had failed. Epithelial invasion of the 
anterior chamber is a rare but disastrous com- 
plication of intraocular surgery. Explanation 
for the glaucoma include synechiae, shallow 
chamber, angle obstruction, and pupillary oc- 
clusion.” The biochemical and physical re- 
quirements for growth of these presumed con- 
junctival cells has been debated; aqueous alone 
has been shown not to support growth of these 
cells in culture.” Vascularization of the cornea 


376 AMERICAN JOURNAL OF OPHTHALMOLOGY 





Fig. 5 (Rubin and associates). Case 3. The external 
surface (star) of the tube totally free of inflammatory 
cells (X 35). 


and iris may provide a source of nutrition to 
these cells and allow growth on the surface of 
these tissues. Numerous medical and surgical 
techniques have been reported for treatment of 
epithelial downgrowth. Medical treatments in- 
clude radiation therapy and application of alco- 
hol, potassium chloride, corticosteroids, and 
antibiotics. Surgical treatments include exci- 
sion of the downgrowth, iridectomy, cryothera- 
py, cautery, vitrectomy, penetrating kerato- 
plasty, cyst aspiration, photocoagulation, anda 
combination of vitrectomy, iridectomy, air- 
fluid exchange, and cryotherapy.” 
Iridocorneal endothelial syndrome was diag- 
nosed in Case 2. The iridocorneal endothelial 
syndrome is a nonfamilial acquired condition 
in which abnormally proliferating endothelium 
covers the structures in the anterior chamber.” 
Ectopic endothelium can be found on the tra- 
becular meshwork and on the anterior iris." 
Kupfer and associates” suggested that the un- 
derlying problem was caused by an abnormali- 
ty of tissues derived from neural crest cells. The 
disease manifests in corneal edema, broad pe- 
ripheral anterior synechiae, and iris atrophy. 
Typical signs include abnormalities of the iris, 
broad peripheral anterior synechiae, glaucoma, 
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Fig. 6 (Rubin and associates). Case 3. The internal 
surface (star) of the tube with some degenerative 
cells and organic material. There are no inflammatory 
cells (Xx 70). 


and posterior corneal changes. The glaucoma is 
secondary to broad peripheral anterior syne- 
chiae and ectopic corneal endothelium that has 
migrated across the angle of the anterior cham- 
ber. A number of surgical procedures have 
been advocated as treatment for the secondary 
glaucoma associated with this condition. These 
include cyclocryotherapy, iridectomy, cyclodi- 
alysis, trabeculectomy, and full-thickness fil- 
tration. Kidd, Hetherington, and Magee" re- 
ported resistant cases in which three successive 
trabeculectomies had failed and the patient 
underwent the Molteno glaucoma implant or 
cyclocryotherapy. 

Many authors have discouraged the use of the 
term aphakic glaucoma, since it implies that a 
single type of glaucoma was to be associated 
with aphakia.™* Several clinical and histologic 
explanations can be given for pressure increase 
and glaucoma that sometimes occurs after cata- 
ract surgery. These include distortion of the 
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anterior chamber angle, the influence of alpha 
chymotrypsin, inflammatory cells and by-prod- 
ucts, pigment dispersion, blood, and vitreous. 
A successful outcome using glaucoma surgery 
without 5-fluorouracil or the Molteno implant 
occurs in about 50% of the patients.’ 
Numerous materials and devices have been 
used since the turn of the century to create 
fistulous tracts from the anterior chamber to the 
external eye. The present version of the Mol- 
teno glaucoma implant has been available since 
1974. The glaucoma implants used in our cases 
consisted of a silicone tube and a polymethyl- 
methacrylate plate. The plate was placed pos- 
terior to the equator in the retrobulbar episcler- 
al tissue. Aqueous was drained from the 
anterior chamber through the tube onto the 
convex surface of the plate. The aqueous gained 
access to the enveloping fibrous capsule and 
was transported away by the capillaries and 
possibly lymphatics in the capsule.’ 
Acceptance was prompt for the use of silicone 
rubber in the tube of the glaucoma implants.” 
Polymers of silicone are frequently used in 
prosthetic devices because of their relative non- 
toxicity and biologic inertness. Polymers do not 
cause tissue necrosis when used in vivo, but 
do become enveloped by a fibrous capsule 
composed of fibroblasts, inflammatory cells, 
collagen, and glycosaminoglycans.”’ Studies 
in rabbits comparing silicone lenses to poly- 
methylmethacrylate lenses have shown that sil- 
icone lenses are less traumatic to intraocular 
tissue and significantly less damaging to the 
corneal endothelium.” Studies of silicone intra- 
ocular lenses in rabbits have found that they 
cause minimal tissue reaction.” Complications 
of the Molteno glaucoma implant include 
hyphema, ciliochoroidal detachment, external 
bleb fibrosis, erosions of the sclera and con- 
junctiva, hypotony, and cornea-tube touch. 
The Molteno long-tube implant in our three 
cases was inserted as a one-stage procedure 
with a glycerin-preserved scleral patch cover- 
ing the tube. No scleral dissection was per- 
formed. The tube entered the eye through a 
paracentesis opening in the cornea made witha 
23-gauge needle. The technique described by 
Freedman’ requires less dissection of the eye 
than the method described by Molteno.” The 
patch also directs the tube along the natural 
curve of the eye into the eye and away from the 
cornea. 
The glaucoma implants in our three cases 
demonstrated successful control of intraocular 
pressure. An antifibrosis regimen was not used 


with these patients. The fibrous response of the 
episcleral tissue around the glaucoma implant 
was similar to that found around retinal detach- 
ment devices.” There was no evidence of ero- 
sion of sclera or conjunctiva of the eye by the 
glaucoma implant device. There were few de- 
generated inflammatory cells, and they were 
consistent with a discrete inflammatory reac- 
tion. The entry of the silicone tube into the eye 
appeared to be well tolerated as evidenced by 
the lack of an inflammatory reaction at the site 
of entry. There was no evidence of choroidal 
inflammation below the plate. There was no 
fibrous tissue or epithelium on the external 
surface of the intraocular portion of the tube. 
Epithelial downgrowth in Case 1 could be seen 
throughout the anterior chamber, lining the 
angle, and covering the iris and endothelial 
surface of the cornea. At the entrance site, the 
epithelium came almost to an abrupt end as it 
approached the silicone tube. Inspection of the 
underlying tissue disclosed hyalinization and 
sclerosis, which may have contributed to the 
termination of the epithelium. Local ischemia 
as evidenced by the hyalinization may have 
contributed to the cessation of abnormal epi- 
thelium. As noted by Cogan,” the vascularity of 
the underlying tissue has an influence on the 
growth of the epithelium. 

In a patient described by Newman and asso- 
ciates,”” scanning electron microscopy of an 
explanted silicone intraocular lens showed no 
significant deposition of biologic materials. No 
inflammatory cells were present. In a patient 
described by Ormerod, Pickford, and Baer- 
veldt,” scanning electron microscopy of an im- 
planted Krupin-Denver tube, which is com- 
posed of nylon-6 (Supramid), disclosed diffuse 
attenuation, fracture, and infolding. In compar- 
ison to a sectioned unused Krupin-Denver 
valve that showed the nylon-6 tube to have 
walls of even thickness (0.1 mm), the implanted 
valve tube had undergone both serious biode- 
gradation and loss of tensile strength after two 
years of implantation.” 

Scanning electron microscopy of the tube in 
our three cases disclosed that the tube was 
intact and patent. Studies by Minckler and 
associates’ demonstrated a sheath around the 
drainage tube segment that is noncellular and is 
tightly opposed to the silicone rubber material. 
This biologic seal around the tube can with- 
stand a 30.0-mm to 50.0-mm gradient before 
rupturing. Schocket*’ reported that fibrous tis- 
sue surrounds the implant and does not prolif- 
erate into or adhere to the silicone strip of the 
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anterior shunt-to-the-encircling-band proce- 
dure. This property of silicone, which does not 
support attachment of fibroblasts, may also 
explain why the epithelium was not found on er 
abridging the opening of the tube. 

In our cases, few and mostly degenerated 
inflammatory cells were present, which repre- 
sented a minimal inflammatory reaction. In the 
monkey model described by Minckler and asso- 
ciates,’ inflammatory cells, including plasma 
cells, were present in the outer layers of the 
bleb wall. 

The polymethylmethacrylate Molteno piate 
allows for a capsule to be created, which acts as 
an aqueous reservoir from which aqueous is 
removed. The capsule around the plate is multi- 
layered with increasingly dense fibrous tissue 
from inside to outside. The bleb represents the 
outflow area. It is composed of moderately 
packed fibrous connective tissue, which pro- 
gresses to loosely packed connective tissue. 
Near the surface and between the interface of 
sclera and the bottom of the fibrous capsule are 
small blood vessels. There is no single outlet. 
Minckler and associates’ have also reported an 
incomplete cell layer covering the internal sur- 
face of the filtering bleb consistent morphologi- 
cally with fibroblasts. Examination with scan- 
ning electron microscopy disclosed a fine, 
fibrillar, mesh lining of the inner wall of the 
filtration bleb, apparently not collagenous in 
nature because the fibers lacked banding. 

The surface area available for drainage is 
made up by all the surfaces of the bleb cavity.’ 
Capillaries are present in the outer layers with 
larger vessels principally along the external 
surface of the capsule and along the episclera. It 
is believed that the aqueous percolates through 
the connective tissue and is removed by the 
blood vessels. Studies by Minckler and associ- 
ates’ confirmed the presence of large blood 
vessels in the tissue around the capsule. 

The factors responsible for the clinical suc- 
cess of controlling intraocular pressure in these 
cases are because of a large plate that results in 
an ample surface area to which aqueous can 
drain. The tube entering into the anterior cham- 
ber causes no appreciable inflammation and 
maintains its patency even when abnormal 
cells line the anterior chamber. The tube is 
made of silicone and appears intact without 
signs of degradation. The polymethylmeth- 
acrylate Molteno plate induces liftle or no in- 
flammatory reaction, thereby resulting in mini- 
mal fibrosis of the bleb. 
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OPHTHALMIC MINIATURE 


“The Panther” 


In the Jardin des Plantes Zoo, Paris 


His Gaze has become so weary from the passing by 
Of the bars, that it retains nothing more. 

It is to him as if there were a thousand bars 

And behind the thousand bars, no world. 


Only sometimes the curtain of the pupil 
Slides open silently-. Then a picture enters in, 
Goes through the tensed stillness of his limbs- 


And comes to an end in his heart. 


Rainer Maria Rilke, Neue Gedichte 1907 


Frankfurt, West Germany, Insel Verlag, 1955 
Poem translated by D. L. Blanchard, M.D. 


Correlations of Acoustic Tissue Typing of Malignant 


Melanoma and Histopathologic Features as a Predictor of 
Death 


D. Jackson Coleman, M.D., Ronald H. Silverman, Ph.D., Mark J. Rondeau, 
Frederic L. Lizzi, Sc.D., lan W. McLean, COL., M.C., U.S.A., 
and Frederick A. Jakobiec, M.D. 


Forty-six eyes with uveal melanoma were 
scanned with a computerized diagnostic ul- 
trasound system before enucleation, and light 
microscope sections were obtained. Tumors 
were characterized by ultrasonically mea- 
sured dimensions and power spectrum analy- 
sis, which provided information not available 
in conventional A- or B-scan ultrasonography. 
Histopathologic features, including cell clus- 
tering pattern, cell type, pigmentation, vascu- 
larity, and necrosis, were quantified. Statisti- 
cally significant correlations were found 
between parameters derived from the power 
spectrum and histologic characteristics. Pa- 
tients were followed up for up to ten years 
with 14 deaths occurring because of metasta- 
ses. Using a Cox relative risk model with 
histopathologic data, a risk model comprising 
pigmentation and cell type (P < .0001) was 
obtained. Using ultrasonic characteristics, a 
model comprising tumor volume and scatterer 
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concentration (P = .0062) was obtained. The 
results suggest that ultrasonic tissue charac- 
terization and three-dimensional biometry 
may provide improved in vivo prognostic in- 
dicators for uveal melanoma. 


O ver A PERIOD OF TEN YEARS, we have examined 
more than 567 eyes with uveal malignant mela- 
noma by using a computer system that digitizes 
and stores radiofrequency ultrasound data.’ An 
analysis technique, which we call acoustic tis- 
sue typing, uses power spectrum analysis (a 
signal processing technique) of ultrasound data 
from tumors and a multivariate classification 
technique to provide a noninvasive classifica- 
tion of intraocular tumors that is related to the 
major tumor types and subtypes (mixed/epi- 
thelioid melanoma, spindle-cell melanoma, 
metastatic carcinoma, and hemangioma).*” 

In this study, we examined two issues that are 
central to the use of the acoustic tissue typing 
technique and accurate biometry for the treat- 
ment planning and monitoring of uveal mela- 
noma: the relationship between acoustic and 
histologic features; and the risk of death associ- 
ated with acoustic and histologic features. 

The traditional approach to risk factor analy- 
sis for ocular melanoma has involved retrospec- 
tive exploratory data analysis and determina- 
tion of correlations between histopathologic 
characteristics and patient survival by using 
Cox models.*’ A noninvasive means of evaluat- 
ing tumor morphologic characteristics in vivo, 
which correlates with histopathologic features, 
would permit prognostic factors to be deter- 
mined for patients with ocular melanoma and, 
thus, could affect their treatment. The results 
demonstrate correlations between acoustic and 
histologic features and their statistical relation- 
ships with death. 
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Material and Methods 


The records of 567 patients with primary 
uveal melanoma who had been examined with 
computerized ultrasound at New York Hospi- 
tal-Cornell Medical Center were evaluated. Of 
these patients, 64 eyes were found to have been 
enucleated. All eyes were confirmed as having 
primary uveal melanoma on histopathologic 
examination. Slides of histologic sections of 
sufficient quality for this study could be ob- 
tained in 46 cases and verifiable follow-up 
could be obtained in 45 cases. Follow-up in- 
cluded direct contact with patients, immediate 
family, and their current ophthalmologist, pri- 
mary care physician, or oncologist. Cause of 
death was verified from death certificates and 
hospital and private physician records. The 
study was performed under relevant federal 
regulations for patient rights in research and 
was approved by the Committee for Human 
Rights in Research of New York Hospital—Cor- 
nell Medical Center. 

The earliest case was enucleated in 1979, and 
the most recent case was enucleated in 1987. 
The slides were jointly reviewed by two of us 
(F.A.J. and I.W.M.), and the findings were re- 
corded on a standardized report form. This 
form included quantitative assessment of cellu- 
lar constituents (nuclear size, prominence of 
nucleoli, mitotic figures per high-power field, 
amount and distribution of necrosis, and pig- 
mentation), cell type, and extracellular factors, 
such as cell-packing pattern, vascularity, pres- 
ence of infiltrates, and hemorrhage. The report 
forms graded the various features on discrete 
scales. The histologic and acoustic evaluations 
were performed independently and without 
knowledge of the clinical outcomes. 

Digitized ultrasonic scan data were analyzed 
by using power spectrum analysis. The power 
spectrum analysis, or acoustic tissue typing 
system, used a single, focused, broadband 10- 
MHz transducer to provide calibrated, frequen- 
cy-corrected amplitudes from 5 MHz to 15 
MHz.’ 

The ultrasound data collected during a typi- 
cal scan session consisted of six to 20 scans 
through the tumor. A minimum of four scans 
from the central tumor section were examined 
with the acoustic tissue typing system. Regions 
of interest in the central tumor region of each 
digital data scan were selected and processed 
by the operator.’ 

The power spectrum parameters from the 


individual regions of interest in the multiple 
scans were averaged to provide the values used. 
This procedure improved the estimate of the 
power spectrum parameters.’ Power spectrum 
parameters are sensitive to small changes in the 
density and the speed of sound in tissue, which 
relate to local structural and mechanical 
characteristics. 

We have developed a tissue model that con- 
siders a tumor as a random distribution of smal! 
scattering elements, where acoustic scattering 
characteristics are related to the micromorpho- 
logic characteristics of the tissue in a statistical 
sense.’”'! Based on this model, the acoustic 
tissue typing parameters (slope, intercept, and 
residual), which are derived from linear best fit 
of the ensemble-averaged, normalized back- 
scatter power spectrum of tumor tissue, can be 
mathematically transformed into the more 
physically and phenomenologically attractive 
parameters of mean scatterer diameter and 
scatterer concentration (the product of concen- 
tration of scatterers and the square of their 
relative acoustic impedance). For convenience 
these two parameters are called scatterer diam- 
eter and concentration, respectively.” Scatterer 
diameter is derived from the value of spectral 
slope, that is, the rate of increase or decrease of 
amplitude as a function of frequency. Scatterer 
concentration is derived from the values of 
spectral slope and intercept, that is, the ampli- 
tude of the spectrum at zero frequency deter- 
mined by extending the linear best fit of the 
power spectrum to 0 MHz. The variation of 
amplitude with frequency, termed the residual, 
is related to autocorrelation properties within 
tissue and is sensitive to larger scale tissue 
components and boundaries. Examples of his- 
tologic characteristics and spectra for different 
tumor types are provided in Figure 1. 

The parameters examined for correlation 
with histologic characteristics were the mean 
slope, intercept, and residual of the linear best 
fit of the normalized power spectrum, as well as 
scatterer diameter and concentration. An addi- 
tional parameter examined for correlation with 
histologic characteristics was the acoustic tis- 
sue type, which is based on the value of a 
discriminant function (a function of slope, in- 
tercept, and residual), which was developed 
previously from the Callender cell classifica- 
tions given in pathologic reports of all 64 mela- 
nomas in our database.” Tumor volumes were 
computed from ultrasonically determined 
thickness and base dimensions by using 
semi-ellipsoidal solid model described b 
and associates.’ 
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The data were analyzed first for correlations 
between acoustic and histologic factors by 
using Pearson correlation analysis. Correla- 
tions of individual factors with survival was 
performed by using Kaplan-Meier survival 
analysis and sets of factors with survival by 
using the Cox relative risk model. Multiple 
regression was used to provide predictive re- 
gression curves for the ultrasonic parameters. 





Results 





Follow-up was obtained on all but one of the 
46 patients in the study. Fourteen deaths 
caused by metastases occurred during the 
course of follow-up. No instances of current 
clinically demonstrable metastatic disease were 
found, and no cases of death because of other 
causes occurred. The follow-up period had a 
mean of 61 months and a maximum of 115 
months. 

Tumors ranged in thickness from 4.0 to 17.0 
mm, with a mean of 10.0 mm. For base dimen- 
sion, the range was from 5.0 to 20.0 mm, with a 
mean of 11.5 mm. Eight of the 46 cases were 
ciliary body tumors. 

Correlation coefficients and their significance 
(one-tailed) between acoustic and histologic 
factors are given in Table 1. Spectral slope and 
scatterer diameter were correlated with the 
presence of infiltrates and vascular dilation, 
the degrees of vascularity and necrosis, and the 
number of mitotic figures per high-power field. 
Spectral intercept, residual, scatterer concen- 
tration (expressed in decibels), and discrimi- 
nant score were correlated with cell type, cell 
pattern, nucleus size, nucleolar prominence, 
necrosis, and mitotic figures per high-power 
field. 

The next stage of the analysis was determina- 
tion of the relationships between acoustic fac- 
tors, tumor location, tumor dimensions (from 
ultrasonic measurements), and histologic fac- 
tors with patient survival. 

First, all factors were examined by univariate 


Kaplan-Meier survival analysis. Continuous 
variables, such as tumor dimensions, spectral 
parameters, and mitotic figures per high-power 
field, were stratified into two subgroups by 
using different thresholds to determine their 
correlations with survival. The threshold pro- 
ducing the greatest statistical difference be- 
tween subgroups was determined. The algo- 
rithm of Lee and Desu” was used to calculate 
the survival statistic, D, which is asymptotical- 
ly distributed as chi-square, and the statistical 
significance of survival differences among sub- 
groups. Results are given in Tables 2 and 3 for 
histologic and acoustic factors, respectively. 

Several histologic factors were correlated 
with patient death, including cell type (that is, 
the presence or absence of epithelioid cells), 
nucleolar prominence, nucleus size, mitotic fig- 
ures per high-power field, necrosis, and pig- 
mentation. Of the factors obtainable in vivo, 
tumor height, base, and volume, as well as 
spectral intercept and acoustic tissue type, were 
statistically significant as survival variables. 

The Cox Proportional Hazards Model™ was 
used to determine the best sets of independent 
histologic and in vivo correlates with patient 
survival. The model used stepwise entry of 
variables, where the criterion for entry was a 
statistical significance of at least 0.1 based on 
the chi-square of the log-likelihood. 

The Cox model results for histologic factors 
are shown in Table 4. Two factors were accepted 
for inclusion: pigmentation and cell type. These 
variables provided a multivariate chi-square for 
the model of 27.5 (P < .0001). Cell type (one 
degree of freedom) is a strong indicator of risk, 
since no deaths occurred when epithelioid cells 
were not present. Because no deaths occurred 
in one group, the value of B (factor coefficient), 
and thus the estimate of the actual risk ratio, is 
indefinite. For pigmentation (three degrees of 
freedom), the risk ratio for heavy vs light pig- 
mentation is 19.1, with a 95% confidence inter- 
val of 3.7 to 99.4. 

The results for application of the Cox model 
to factors available from in vivo acoustic analy- 
sis are shown in Table 5. The two factors with 
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Fig. 1 (Coleman and associates). Examples of computerized ultrasonograms and power spectra with represen- 
tative histologic features (hematoxylin and eosin, X 100). Spectra are derived from acoustic data for delineated 
tumor regions. Classification probabilities are shown under images. Differences in linear best fit of the power 
spectra form the basis of the acoustic tissue differentiation. Spectral characteristics are determined by tissue 
microstructure. Note that the slope (the dotted line) and the amplitude of the reflected echoes are seen at a 
frequency range of 5 to 15 MHz. Top, Spindle-B malignant melanoma. Middle, Epithelioid-cell malignant 


melanoma. Bottom, Metastatic carcinoma of the choroid. 
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TABLE 1 
CORRELATION COEFFICIENT AND SIGNIFICANCE BETWEEN SPECTRA AND HISTOLOGIC CHARACTERISTICS 





SPECTRAL PARAMETER 











SCATTERER SCATTERER DISCRIMINANT 
FEATURE SLOPE INTERCEPT RESIDUAL DIAMETER CONCENTRATION FUNCTION 
Cell type .009 353 —.442 —.005 443 396 
(.476) (.008) (.001) (.486) (.001) (.003) 
Cell clustering pattern = ATS —.150 .263 .120 — .268 —.199 
(.235) (.169) (044) (.222) (.041) (.235) 
Nuclear size 014 327 — .435 —.030 415 384 
(.464) (014) (001) (.422) (.002) (.005) 
Nucleolar prominence —.166 .370 —.381 162 319 401 
(.140) (.007) (.005) (.163) (.017) (.003) 
Infiltrate = 210 161 —.005 .256 —.032 .111 
(.034) (.146) (.487) (.045) (.418) (.234) 
Vascularity —.483 .165 .098 473 —.200 092 
(<.001) (139) (.260) (001) (.094) (.273) 
Vascular dilation —.409 .164 .068 .390 —.140 .095 
(.003) (.141) (.329) (.004) (.179) (.268) 
Hemorrhage =.1738 273 —.207 172 .192 .256 
(.128) (.035) (.086) (.129) (.104) (045) 
Pigmentation —.058 .188 —.180 .039 .183 .187 
(.350) (.105) (.116) (.400) (.111) (107) 
Macrophage pigment 143 —.054 —.043 —,152 .054 —.018 
(.175) (.364) (.390) (.160) (.363) (.453) 
Necrosis —.315 .306 AE 314 7 .273 
(.020) (.023) (136) (.020) (.228) (.038) 
Mitotic figures/hpf —,245 .310 —.207 243 .167 .280 
(.054) (.020) (.089) (.056) (.123) (.033) 
the highest chi-square values before entry were Predictive equations were based on the set of 
tumor volume and acoustic tissue type. After variables selected as significant by the Cox 
entry of volume, however, scatterer concentra- model. 
tion was found to produce a higher contribu- Comparative regression curves for in vivo 
tion to the model than acoustic tissue type or a factors (volume and scatterer concentration) 
number of other variables with higher univari- are shown in Figure 2. The curves shown depict 
ate chi-squares. The model, consisting of tumor the range of scatterer concentration values seen 
volume and scatterer concentration (both con- in the malignant melanoma database. Scatterer 
tinuous variables), had a chi-square of 10.2 concentration is a continuous variable and a 
(P = .0062). The risk ratio of a large melanoma regression equation can be used to calculate a 
of 1,500 mm’ vs a small tumor of 250 mm’ is 3.2, predicted survival curve for any scatterer con- 
with a 95% confidence interval of 1.44 to 7.12. centration value. Values of the coefficients for 
The risk ratio between tumors with high (scat- these curves, including standard errors and 
terer concentration = —7) and low (scatterer significance, are provided in Table 6. These 
concentration = —21) scatterer concentrations curves demonstrate the difference in predicted 
is 7.88, with a 95% confidence interval of 0.94 survival time for tumors of a given volume with 
to 66.1. differing scatterer concentration values. 
A multivariate regression model for censored . 
15 ait 
data” was used to define predictive equations Discussion 


for patient survival based on combinations of in 
vivo characteristics. The model assumed the 
logarithm of survival time to be a linear func- The biologic characteristics of human uveal 
tion of the weighted independent variables. malignant melanoma, as they relate to clinical 
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TABLE 2 TABLE 3 
UNIVARIATE SURVIVAL STATISTICS OF HISTOLOGIC UNIVARIATE SURVIVAL STATISTICS OF IN VIVO 
CHARACTERISTICS PARAMETERS 
LEE-DESU LEE-DESU 
DEGREES OF SURVIVAL DEGREES OF SURVIVAL 
FEATURE FREEDOM THRESHOLD STATISTIC (D) P VALUE PARAMETER FREEDOM THRESHOLD STATISTIC (D) P VALUE 
Cell type 1 -- 14.94 .005 Slope 1 0.3 1.21 271 
Cell clustering Intercept 1 —66.0 9.09 .003 
pattern 2 — L g i .413 Residual 1 2.5 3.26 .071 
Nucleus size 3 -- 10.62 014 Discriminant 
Nucleolar function 1 0.3 4.46 .035 
prominence 1 -- 9.72 .002 Scatterer diameter 1 65.0 1.21 .271 
Mitotic figures/hpf 1 0.25 8.72 .003 Scatterer 
Vascularity 3 — 2.34 .505 concentration 1 =17.0 2.10 147 
Vascular dilation 1 — 0.00 .966 Location 1 -— 1.19 .276 
Hemorrhage 3 — 1.61 .656 Height 1 14.0 11.69 <.001 
infiltrates 3 — 0.34 .951 Base 1 14.0 12.66 <.001 
Necrosis 2 —- 7.46 .024 Volume 1 1600.0 16.04 <.001 
Pigmentation 3 — 22.60 <.001 
Macrophage 
pigment 3 — 14.05 .003 
Pigment ronmental morphologic characteristics of the 
tumor, a critical tumor volume, and, theoreti- 


distribution 2 — 8.97 .011 


practice, are not well understood. Reasons for 
this include the slow growth rate of most uveal 
melanomas; the specific features of the ocular 
environment, which have effectively limited 
the use of biopsy techniques in clinical practice 
and which make the development of useful 
animal models of the disease difficult; and the 
relatively low occurrence rate of the disease. To 
date, clinicopathologic correlative studies have 
provided the data that link tumor size, location, 
and histologic features to metastasis and ulti- 
mately death. The natural limitation of these 
data is that their only direct application is in the 
enucleated eye. 

The potential lethality of a given uveal mela- 
noma is related to the cellular and microenvi- 


TABLE 4 
COX MULTIVARIATE MODEL OF HISTOLOGIC FACTORS 


FACTOR 
FACTOR CHI-SQUARE P VALUE COEFFICIENT (£) S.E. 
Pigmentation 14.02 .0002 0.983 0.275 
Epithelioid cells 
present 13.62 .0002 10.77 43.26 
Model 27.50 <.0001 


cally, the immunologic status of the tumor and 
the patient. We have examined parameters de- 
rived from ultrasound data that are related to 
cellular and microenvironmental morphologic 
characteristics and to tumor volume. These pa- 
rameters correlate with histopathologic fea- 
tures and may be used as a prospective predic- 
tor of death. 

In the correlation portion of the study, the 
acoustic parameters were divided into two gen- 
eral classes: acoustic features that were depen- 
dent on scatterer size, and those that were 
associated with the scatterer concentration. The 
scatterer size-dependent features were most 
closely associated with vascularity and vascular 
dilation. This is consistent with the average 
scatterer sizes predicted by the model for ma- 
lignant melanoma, which range from approxi- 
mately 30.0 to 50.0 um and are believed to be 


TABLE 5 
COX MULTIVARIATE MODEL OF IN VIVO FACTORS 


FACTOR 
FACTOR CHI-SQUARE P VALUE COEFFICIENT (8) S.E. 
Volume 6.29 .0122 0.00093 0.00032 
Scatterer 
concentration 2.75 .0974 0.1475 0.076 


Model 10.16 0062 — — 


October, 1990 


Fig. 2 (Coleman and associates). 
Comparative multiple regression 
curves for survival based on in vivo 
factors (volume and scatterer con- 
centration) selected by Cox model. 
The curves demonstrate the pre- 
dicted death caused by a tumor of 
measured volume and with a mea- 
sured scatterer concentration val- 
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associated with tumor microregions,” such as 


intervascular nests of cells, rather than directly 
with the size of individual cells. Acoustic fea- 
tures that are related to the concentration of 
scatterers include cell pattern and type. This is 
also consistent with our phenomenologic un- 
derstanding of the relationship between the 
backscattered-power spectrum and the me- 
chanical characteristics of tissue where concen- 
tration of scatterers per unit volume should be 
related to a three-dimensional analogue of cell 
pattern and type. 

The correlations between the histologic fea- 
tures and acoustic parameters should not be 
construed as being direct or independent rela- 
tionships that bind particular features in each 
set to one another. Certainly, intragroup corre- 
lations and dependencies exist that cannot be 
determined from this study. The existence of 





ue. The scatterer concentration, 
like volume, is a continuous varia- 
ble and a regression curve can be 
calculated for any scatterer concen- 
tration value. 


these correlations, however, does show that 
both histologic parameters and acoustic param- 
eters provide a quantitative description of un- 
derlying tumor morphologic characteristics. 

In the second portion of the study, we dem- 
onstrated that the acoustic parameters can pro- 
vide a statistical prognostic factor akin to the 
histopathologic features studied conjointly in 
the first portion of the study. 

Using the Cox Proportional Hazards Model, 
the set of histologic factors demonstrating the 
best associative value with death were pigmen- 
tation and the presence of epithelioid cells. 
Given the uncertainties associated with the 
relatively small sample size, a number of other 
variables might have been selected as alterna- 
tives for cell type. These included nucleolar 
prominence, nucleus size, and mitotic figures 
per high-power field. Although tumor volume 


TABLE 6 
MULTIVARIATE REGRESSION MODEL FOR CENSORED DATA OF IN VIVO FACTORS 





FACTOR STANDARDIZED FACTOR STUDENT'S SEQUENTIAL CORRELATION 
FACTOR COEFFICIENT (8) S.E. COEFFICIENT T-TEST P VALUE COEFFICIENT 
Y-intercept 1.627 0.212 -— 7.38 <.0001 -— 
Volume — .000332 .000084 —.485 —3.97 .0003 .203 
Concentration — .0486 .0148 —.406 —3.29 .0020 .364 


F = 12.29 P < .001 


a e— 
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was Statistically significant as an independent 
risk factor, it did not make a sufficient contribu- 
tion to be selected for inclusion in the histologic 
model. Previous studies, which often involved 
larger cohorts, have been consistent with our 
findings, although tumor size and location have 
been reported to be of greater significance as 
risk factors." 

When the Cox model was applied to the 
acoustic factors, a model consisting of tumor 
volume and scatterer concentration was pro- 
duced. The acoustic model was statistically sig- 
nificant (P = .006), but did not have as strong a 
correlation with death as the histopathologic 
model, as is evidenced by the respective chi- 
square values of 10.2 and 27.5. 

Based on the factors selected for the in vivo 
model by using Cox analysis, multiple regres- 
sion was uSed to generate predictive equations 
for patient survival. Such curves provided 
quantitative estimates (including statistical un- 
certainty for the estimate) for patient survival. 
Inclusion of acoustic factors provided a signifi- 
cantly better estimate of tumor death than tu- 
mor location and size alone. 

Previous studies have suggested various mea- 
sures of tumor size as risk factors, including 
thickness, base dimensions, largest dimension, 
base area, and volume. In this study, all mea- 
sures of tumor size were found to be statistical- 
ly significant univariate risk factors, but volume 
had the highest significance of these measures. 

The earliest suggestion that volume might be 
used as a measure of uveal melanoma risk can 
be attributed to Flocks, Gerende, and Zimmer- 
man,” who used a rectangular solid model for 
volume computation and suggested a critical 
volume of approximately 1,380 mm’. McLean, 
Foster, and Zimmerman,” following this model, 
used a volume of 1,400 mm‘ or less as a defini- 
tion of small melanomas. Davidorf” and Thom- 
as, Green, and Maumenee” both used a 300- 
mm’ threshold. Kidd and associates’ found a 
critical volume of about 600 mm’ by using an 
ellipsoidal solid model, which may be a geo- 
metrically more realistic volume computational 
technique. In an unpublished study at Cornell 
University Medical College, Baldridge-Gordon, 
Weiss, Kitchen, and Ellsworth found a critical 
volume of 800 to 900 mm’. Whereas analysis of 
our data showed a volume threshold of 1,600 
mm’ to provide the greatest univariate survival 
significance, statistically significant differences 
between the small and large tumor groups were 
evident by using thresholds in the 1,000-mm* 
range. 


Even when using the more geometrically cor- 
rect methods of Kidd and associates* or Kramer 
and Lapiana,” volumes have always been com- 
puted based on the often violated assumption 
that tumors are symmetric solids, with thick- 
ness and base dimensions defining major and 
minor axes. The advent of diagnostic ultra- 
sound systems capable of precise” and rapid 
acquisition of serial scan sections has made 
actual volumetric determinations possible.“ 
This capability should provide a more accurate 
measure of risk than either linear dimensions or 
estimates of volume based on arguments of 
form and symmetry. 

Although the database for this study is rela- 
tively small, the results indicate that acoustic 
evaluation of uveal malignant melanoma repre- 
sents a useful technique for the noninvasive 
estimation of relative risk subsequent to enu- 
cleation. Tumor volume and scatterer concen- 
tration (computed from the normalized acous- 
tic power spectrum) together provide a model 
that is superior to conventional factors such as 
thickness, base dimension, and location. Long- 
er follow-up and additional cases should help 
validate and refine this model. 

To reach its entelechy as a decision-making 
tool for tumor therapy, our acoustic evaluation 
results must be extended to tumors treated with 
other modalities. This would allow evaluation 
of potential differences in efficacy of treatment 
for the subclasses of melanoma. We are cur- 
rently examining the value of acoustic tissue 
characterization as a prognostic indicator for 
radiotherapy- and thermoradiotherapy-treated 
tumors. 
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Magnetic Resonance Imaging of Radiation Optic 


Neuropathy 








Carol F. Zimmerman, M.D., Norman J. Schatz, M.D., and Joel S. Glaser, M.D. 


Three patients with delayed radiation optic 
neuropathy after radiation therapy for para- 
sellar neoplasms underwent magnetic reso- 
nance imaging. The affected optic nerves and 
chiasms showed enlargement and focal gado- 
pentetate dimeglumine enhancement. The 
magnetic resonance imaging technique effec- 
tively detected and defined anterior visual 
pathway changes of radionecrosis and exclud- 
ed the clinical possibility of visual loss be- 
cause of tumor recurrence. 


Draven raDionecrosis of cerebral tissues is a 
well known but rare complication after thera- 
peutic radiation. With the evolution of irradia- 
tion as an effective primary treatment modality 
and an adjunct to surgery for pituitary adeno- 
mas, parasellar tumors, and other intracranial 
and extracranial tumors, delayed radiation ne- 
crosis of the optic nerves and chiasm is being 
recognized increasingly.’* The computed tomo- 
graphic and magnetic resonance characteristics 
of delayed cerebral radionecrosis have been 
well documented.** Guy and associates’ report- 
ed magnetic resonance imaging findings of the 
optic nerves in delayed radiation optic neurop- 
athy. We studied the magnetic resonance imag- 
ing findings in three patients with delayed 
radiation optic neuropathy. 





Patients and Methods 





All three patients were referred to the Bascom 
Palmer Eye Institute between November 1988 
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and June 1989, with acute visual loss occurring 
13 to 21 months after radiation treatment for 
tumors in the parasellar region. All three pa- 
tients were studied within a month of the onset 
of visual symptoms. One patient also had mag- 
netic resonance imaging four months before 
and five months after the onset of symptoms. 
All patients were studied with a 1.5-T super- 
conducting magnet, using a 256.0 X 256.0-cm 
matrix, 3.0- or 5.0-mm thin sections, and a field 
of view of 16.0 to 22.0 cm. Two patients were 
studied with a General Electric Signa unit 
(General Electric, Milwaukee, Wisconsin), and 
one was studied with a Picker International 
Vista unit (Picker International, Cincinnati, 
Ohio). Spin echo pulse sequences producing 
the T,-weighted images were obtained with 
repetition times (TR) of 500 to 600 msec and 
echo times (TE) of 20 to 26 msec. Two patients 
had T,-weighted views before and after intrave- 
nous gadolinium diethylenetriamine penta- 
acetic acid (gadopentetate dimeglumine, 0.1 
mmol/kg of body weight). 





Case Reports 


Case 1 

A 63-year-old man with a pituitary adenoma 
invading the cavernous sinus had diplopia, a 
left third-nerve palsy, and normal optic nerve 
and chiasmal function. Two months after trans- 
sphenoidal surgery, he received 5,040 cGy to 
the pituitary region in fractions of 180 cGy over 
28 days, using a free-field arrangement. The left 
eye motility improved and vision remained 
stable until 14 months later, when the patient 
noticed abrupt loss of vision in the right eye. 

Visual acuity was R.E.: hand motions and 
L.E.: 20/25. There was a right afferent pupil- 
lary defect and bitemporal depression of the 
visual fields, especially to a red target. The right 
optic disk was pale, and the left optic disk was 
normal. 

T,-weighted magnetic resonance imaging 
(TR, 600 msec; TE, 26 msec) showed no evi- 
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Fig. 1 (Zimmerman, Schatz, and Glaser). Case 1. Magnetic resonance imaging. Top left, T,-weighted coronal 
view (TR, 600 msec; TE, 26 msec). Prechiasmatic optic nerves (arrows) are isointense to cerebral gray matter, and 
the right optic nerve (curved arrow) cannot be clearly distinguished from surrounding tissue. Top right, Optic 
chiasm seen on sagittal view (arrow). Bottom left, Both prechiasmatic optic nerves enhance after gadopentetate 
dimeglumine infusion (coronal view, arrows). Bottom right, Sagittal view demonstrates enhancement of the 


chiasm (arrow) with gadopentetate dimeglumine. 


dence of new neoplasm compared to previous 
studies (Fig. 1, top). After gadopentetate di- 
meglumine infusion, there was distinct en- 
hancement of the intracranial segments of both 
optic nerves (Fig. 1, bottom). 

The patient received intravenous methyl- 
prednisolone, 250 mg every six hours for three 
days, with no improvement in vision or visual 
fields. He then underwent daily hyperbaric oxy- 
gen therapy for 14 days. Two months later, 
visual acuity, Goldmann visual fields, and optic 
disks remained unchanged. 


Case 2 

A 57-year-old man was treated for poorly 
differentiated squamous cell carcinoma of the 
nasopharynx. The mass extended to the sphe- 
noid sinus and invaded the middle cranial fos- 
sa. He underwent a six-week course of radiation 


therapy with 5,040 cGy directed to the primary 
tumor, neck, and posterior cervical nodes in 
180-cGy fractions. Additional radiation treat- 
ment was then delivered to the primary growth 
for a total of 7,560 cGy. The patient had a good 
response to treatment, with a reduction of the 
tumor noted on cranial computed tomography. 
Twenty-one months after treatment he noticed 
decreased vision of the left eye. 

Visual acuity was 20/25 in each eye, with a 
left afferent pupillary defect. There was a dense 
superior altitudinal defect in the left eye, and a 
superior arcuate defect in the right eye. The 
right conjunctiva was injected, and slit-lamp 
biomicroscopy disclosed bilateral filamentary 
keratopathy. The right optic disk was pale and 
swollen, with a small hemorrhage at the inferi- 
or margin. There was slight inferotemporal pal- 
lor of the left optic disk without edema. The 
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retinal vessels, maculae, and fundi were other- 
wise normal. 

T,-weighted magnetic resonance imaging 
(TR, 550 msec; TE, 20 msec) of the parasellar 
region showed no recurrence of the tumor mass 
in the area of the intracranial optic nerves and 
optic chiasm. The intracranial prechiasmatic 
portion of the left optic nerve was enlarged and 
enhanced with gadopentetate dimeglumine 
(Fig. 2). 

The patient was treated with intravenous 
methylprednisolone, 250 mg every six hours for 
five days, and began a 20-day course of daily 
hyperbaric oxygen treatment. Four weeks later, 
visual acuity was stable at R.E.: 20/25 and L.E.: 
20/20 with only slight improvement of the 
visual field defects. 


Case 3 

A 72-year-old man with a large intrasellar 
mass underwent transsphenoidal hypophysec- 
tomy with subtotal resection of the tumor, 
which was confirmed to be a chordoma. Preop- 
erative ocular examination recorded visual acu- 
ity of R.E.: 20/200 (chronic amblyopia) and 
L.E.: 20/40, with a small central scotoma in the 
left eye consistent with pre-existing age-related 
macular degeneration. Postoperatively, there 
was a right homonymous hemianopsia, with 
stable central visual acuity. 

The patient then had radiation treatment to 
the sella turcica consisting of 7,000 cGy in 68 
fractions, twice daily over 52 elapsed days, 
using a free-field technique. Visual function 
was Stable until 16 months later, when he noted 
sudden painless loss of vision in the left eye. 
Visual acuity was R.E.: 20/200 and L.E.: no 
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light perception, with an amaurotic left pupil 
reaction. The right temporal field defect noted 
postoperatively was unchanged. The left optic 
disk was pale, and the right optic disk was 
normal. 

T,-weighted magnetic resonance imaging 
(TR, 500 msec; TE, 20 msec) showed enlarge- 
ment of the optic chiasm and adjacent intracra- 
nial left optic nerve and tract, with no evidence 
of recurrent tumor (Fig. 3, top right and bottom 
left). 

The patient was treated with intravenous 
methylprednisolone, 250 mg every six hours for 
three days, with no improvement of visual 
function. Over the next six months, visual acu- 
ity remained L.E.: no light perception. The 
right optic disk became pale, but the visual 
acuity improved slowly to R.E.: 20/80, consid- 
ered to be spontaneous improvement of an 
amblyopic eye. Follow-up magnetic resonance 
imaging obtained four months after the onset of 
symptoms showed marked reduction in the size 
of the chiasm, left optic nerve, and tract, with 
no evidence of recurrent tumor (Fig. 3, bottom 
right). 


Discussion 


Late radionecrosis of neuronal structures is a 
rare but well-documented complication of radi- 
ation treatment for intracranial tumors, as well 
as some tumors of the head and neck.”™* White 
matter and hypothalamus appear to have lower 
tolerance to the effects of ionizing radiation 
than other cerebral tissues.’ The clinical syn 
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Fig. 2 (Zimmerman, Schatz and Glaser). Case 2. Magnetic resonance imaging. Left, T,-weighted axial view (TR, 
550 msec; TE, 20 msec). Right, Coronal view after gadopentetate dimeglumine infusion shows enhancement of 


the left prechiasmatic optic nerve (arrows). 
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drome of radiation optic neuropathy, a subset 
of cerebral radionecrosis, is characteristic. 
Acute visual loss in one or both eyes occurs as 
early as six months to as late as three years after 
radiation treatment for a parasellar neoplasm, 
but the eight- to 13-month interval encompass- 
es two thirds of all cases.’ The visual loss may 
be profound, and although chiasmal visual field 
defects are reported, nerve fiber bundle defects 
are more typical. The optic disks are usually 
normal initially unless pre-existing compres- 
sive neuropathy has caused optic disk pallor, 
but disk edema has been noted.’ The disks then 
become pale within six to eight weeks after the 
onset of symptoms. Although it is most fre- 
quently seen after radiation treatment for pitui- 
tary adenomas, radiation optic neuropathy has 
also been reported after radiation treatment 
for clivus meningiomas, craniopharyngiomas, 
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Fig. 3 (Zimmerman, Schatz, and Glaser). Case 3. Magnetic resonance imaging. Top left, T,-weighted sagittal 
view (TR, 500 msec; TE, 20 msec) before acute onset of visual loss shows normal size of the optic chiasm (arrow). 
Top right, One month after onset of symptoms, sagittal view shows enlargement of the left optic nerve and 
chiasm (arrow). Bottom left, Coronal view shows enlarged optic chiasm, greater on the left (arrow) during acute 
phase. Bottom right, Coronal view four months later demonstrates reduction of the optic chiasm (arrow). 
Previous lacunar infarction is seen in the right temporal lobe (arrowhead). 





metastatic breast carcinoma, opticohypotha- 
lamic głioma, malignant tumors of the maxil- 
lary and paranasal sinuses, and other neo- 
plasms.“ 

The exact pathophysiologic mechanism of de- 
layed radiation optic neuropathy is unclear. 
Most studies suggest a vascular cause with 
radiation-induced capillary endothelial dam- 
age and ischemic demyelinization, proliferation 
of glial elements, and microvascular occlusion 
with vasogenic edema.’”'’ An autoimmune 
mechanism has also been proposed.” 

Risk factors for radiation damage include 
radiation doses greater than 4,800 cGy, a frac- 
tional dosage of greater than 200 cGy, time- 
dose fractionation factor above 80, overlapping 
treatment fields, age younger than 12 years, 
and adjunctive chemotherapy.**"" Hyperten- 
sion has been shown to increase risk in animal 
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models,” although the role of hypertension or 
other systemic disorders that predispose to vas- 
culopathy in humans is not well characterized. 

The diagnosis of radiation optic neuropathy 
is one of exclusion, and neurodiagnostic exami- 
nation is mandatory to rule out other causes of 
postsurgical and postradiation visual loss, in- 
cluding recurrence of the primary tumor, occur- 
rence of a radiation-induced second neoplasm, 
empty sella turcica syndrome with prolapse of 
the chiasm, or perichiasmatic arachnoid adhe- 
sions. 

The computed tomographic and magnetic 
resonance changes in radiation-induced white 
matter injury have been studied extensively. 
Computed tomographic abnormalities include 
areas of decreased attenuation, with or without 
mass effect, with minimal contrast enhance- 
ment.’ Atrophy and frank necrosis may be seen. 
Magnetic resonance imaging findings** include 
edema, demyelinization, and tissue necrosis 
within the white matter, with prolongation of 
the T,- and T,-relaxation times of the involved 
structures. The lesions are seen as areas of 
decreased signal intensity on T,-weighted stud- 
ies and increased signal on T,-weighted studies. 
These changes appear as well-demarcated areas 
with scalloped margins in the periventricular 
white matter and to a lesser extent in the 
subcortical white matter, with relative sparing 
of the adjacent cerebral cortex. Most series are 
composed of patients who received whole brain 
radiation, and recent studies have shown that 
magnetic resonance imaging is clearly more 
sensitive than computed tomography in detect- 
ing the white matter lesions that occur after 
whole brain radiation.** 

In our Case 3, serial postoperative magnetic 
resonance studies had demonstrated normal 
optic nerves and chiasm, but with the onset of 
acute visual symptoms repeat magnetic reso- 
nance imaging showed enlargement of the in- 
tracranial left optic nerve and optic chiasm. 
These changes are probably caused by edema. 
Although T,-weighted studies are more sensi- 
tive for detecting edema, such changes in the 
optic nerves or chiasm will be obscured by the 
intense white image of the surrounding cere- 
brospinal fluid. Gadopentetate dimeglumine- 
enhanced magnetic resonance imaging was not 
performed. Five months later the left optic 
nerve and chiasm appeared shrunken, and no 
recurrent tumor or distortion of the perichias- 
matic structures was identified. 

Gadopentetate dimeglumine is an intrave- 
nous paramagnetic contrast agent that shortens 
proton relaxation times to increase the radio 


frequency signal in areas of breakdown of the 
blood-brain barrier or in abnormal vascular 
structures. Gadopentetate dimeglumine has 
been proven to be helpful in detecting the 
changes of acute inflammation in optic neuri- 
tis.” '*'* Gadopentetate dimeglumine enhance- 
ment of the intracranial optic nerves has been 
described in two patients with radiation-in- 
duced optic neuropathy.” Our Cases 1 and 2 
showed marked gadopentetate dimeglumine 
enhancement of the intracranial optic nerve on 
the side of the visual loss. In Case 2, there was 
enhancement of the intracranial optic nerve up 
to the chiasm on the affected side. The temporal 
visual field of the fellow eye was suppressed, 
consistent with chiasmal involvement. In both 
patients it is likely that gadopentetate dimeglu- 
mine partially defined areas of increased per- 
meability of blood-brain barriers, consistent 
with inflammation, ischemic injury, or both. 

Although magnetic resonance imaging is un- 
doubtedly more sensitive in demonstrating ra- 
diation damage that might be missed by com- 
puted tomography, when imaging residual or 
recurrent tumors neither technique is foolproof 
in distinguishing the precise mechanism of vis- 
ual loss by radiologic criteria alone.” Recent 
studies using positron emission tomography 
with 18-F-deoxyglucose’ have demonstrated 
focal hypermetabolism in areas of known re- 
sidual or recurrent tumor, and focal hypo- 
metabolism in areas of tumor necrosis. In 
these instances, the role of gadopentetate 
dimeglumine-enhanced magnetic resonance 
imaging has not been clearly established. 

Magnetic resonance imaging is becoming the 
preferred method of imaging the chiasm and 
parasellar structures. Magnetic resonance im- 
aging is especially sensitive to changes in the 
water content of neural tissues and, thus, has 
unique soft tissue differentiation capabilities. 
In our patients, magnetic resonance imaging 
was useful in demonstrating irradiation-in- 
duced lesions of the optic nerve and chiasm, 
while simultaneously providing excellent ana- 
tomic detail of the parasellar area to rule out 
recurrent tumor or other alterations of para- 
sellar structures. 
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OPHTHALMIC MINIATURE 
“We see asquint, like those whose twisted sight 


can make out only the far-off,” he said, 


“for the King of All still grants us that much light... .” 
Dante Alghieri, The Inferno, translated by John Ciardi 
New York, New American Library, p. 99 








Successful Medical Management Of Acanthamoeba 


Keratitis 
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Paul B. Donzis, M.D., Gary N. Holland, M.D., Michael K. Farley, M.D., 
and Jeremy E. Levenson, M.D. 


Seven patients with documented Acantha- 
moeba keratitis were treated with prolonged 
and intensive triple antiamoebic therapy con- 
sisting of topical neomycin-polymyxin B- 
gramicidin, propamidine isethionate 0.1%, 
and miconazole nitrate 1%. Additionally, five 
patients were treated with topical corticoste- 
roids. Six of seven patients were cured of 
Acanthamoeba keratitis with medical therapy 
alone, one patient required therapeutic pene- 
trating keratoplasty to eradicate the infection. 
Two patients underwent penetrating kerato- 
plasty to improve their vision after medical 
therapy. Our series differs from previous re- 
ports in that triple antiamoebic therapy was 
used in all seven patients and was successful 
in both early and advanced cases of 
Acanthamoeba keratitis. Prolonged and inten- 
sive topical therapy with these three anti- 
amoebic drugs may be an effective mode of 
therapy for Acanthamoeba keratitis. 


A canTHAMOEBA KERATITIS is a potentially dev- 
astating infection that has been recognized in- 
creasingly in recent years. An epidemiologic 
study of Acanthamoeba keratitis in the United 
States showed that the number of reported 
cases gradually increased between 1981 and 
1985, with a dramatic increase beginning in 
1985.’ The predisposing conditions most com- 
monly associated with the development of 
Acanthamoeba keratitis include the use of con- 
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tact lenses,“ the use of homemade sa- 
line,”89111218 chemical disinfection," expo- 
sure to contaminated water,*®!8?! and minor 
corneal trauma.’ The use of contact lenses, 
however, appears to be the predominant risk 
factor.’ Bacterial and fungal contamination 
within contact lens systems may be an impor- 
tant element for the survival and growth 
of Acanthamoeba. In a study of contact lens 
care systems contaminated by Acanthamoeba, 
Donzis and associates” noted gram-negative 
bacteria in all ten contact lens systems tested, 
with isolation of fungi in six of these systems. 

The clinical features of Acanthamoeba ker- 
atitis include a history of severe pain and 
photophobia, central or paracentral infiltrates 
early in the disease course, and highly sug- 
gestive ring infiltrates later in the disease 
course.”"*!522.28 Additional signs include a den- 
driform epithelial pattern, recurrent epithelial 
breakdown, radial keratoneuritis, chemosis, 
usually mild anterior chamber reaction, and 
sclerokeratitis. 

Despite many reports describing the treat- 
ment of Acanthamoeba keratitis,2°"*"""*"' the 
precise role of medical and surgical interven- 
tion in this disorder remains uncertain. Medica! 
cures have been reported, as well as recalcitrant 
cases that have required penetrating kerato- 
plasty or enucleation to eradicate the infec- 
tion.”556,8,12,18,24 Tn part, uncertainty stems from 
the difficulty in comparing clinical cases. As 
pointed out by Auran, Starr, and Jakobiec,” 
there are many confounding variables with 
great case-to-case differences in the severity 
and duration of infection at the time of clinical 
manifestation. 

To understand better the role of medical and 
surgical therapy in this disease, we describe 
seven consecutive patients with confirmed 
Acanthamoeba keratitis treated at the Jules Stein 
Eye Institute between 1986 and 1988. All pa- 
tients, regardless of their clinical manifesta- 
tion, were treated with triple antiamoebic ther- 


©AMERICAN JOURNAL OF OPHTHALMOLOGY 110:395-403, OCTOBER, 1990 395 








396 AMERICAN JOURNAL OF OPHTHALMOLOGY 


October, 1990 





apy consisting of topical neomycin—polymyxin 
B-gramicidin, propamidine isethionate 0.1%, 
and miconazole nitrate 1%. 


Case Reports 


Case 1 

A 38-year-old woman was referred in Febru- 
ary 1986 for examination of progressive ulcera- 
tive keratitis of the right eye. The patient wore 
daily-wear contact lenses and used homemade 
saline prepared from salt tablets and distilled 
water. In August 1985, the patient first noted 
irritation, redness, pain, and photophobia in 
the right eye, and she discontinued contact lens 
wear. A tentative diagnosis of herpes simplex 
keratitis was made by her primary ophthalmol- 
ogist, and she was treated over the ensuing 
months with topical trifluridine 1%, vidarabine 
3%, chloramphenicol, tobramycin 0.3%, poly- 
myxin B-bacitracin, and sulfacetamide—pred- 
nisolone acetate 1%. 

Initial examination disclosed best-corrected 
visual acuity of R.E.: hand motions and L.E.: 
20/20. Slit-lamp examination showed a central 
and superonasal corneal infiltrate with superfi- 
cial blood vessels and an overlying epithelial 
defect (Fig. 1). There was mild cell and flare in 
the anterior chamber. 

Corneal scrapings were obtained and dis- 
closed amoebic cysts when examined with cal- 
cofluor white stain. Nonnutrient agar cultures 
with an Escherichia coli overlay were positive 
for Acanthamoeba species from the corneal 
scrapings, the contact lens case, and the home- 
made saline. 


rT. 





Fig. 1 (Berger and associates). Case 1. Conjunctival 
hyperemia and corneal infiltrate on initial manifesta- 
tion. 


Initial treatment included the use of hourly 
propamidine isethionate 0.1% eyedrops, neo- 
mycin—polymyxin B-gramicidin eyedrops four 
times each day, and miconazole 1% eyedrops 
every two hours. The epithelial defect healed 
within three weeks, and the patient was then 
started on prednisolone acetate 1% eyedrops 
four times each day. The patient noted a sub- 
stantial decrease in pain on this regimen, and 
the eyedrops were slowly tapered over the en- 
suing four months without exacerbation of the 
symptoms. The infiltrate gradually resolved. 
However, a visually significant central corneal 
scar with superficial vascularization remained 
(Fig. 2). 

In July 1988, the patient underwent a pene- 
trating keratoplasty in the right eye for visual 
rehabilitation. The host cornea did not show 
trophozoites or cysts. Postoperatively, the pa- 
tient was not continued on her antiamoebic 
therapy but received only topical prednisolone 
acetate 1% and tobramycin 0.3%. The graft has 
remained clear without evidence of recurrent 
Acanthamoeba infection two years postopera- 
tively (Fig. 3). Best-corrected visual acuity in 
the right eye was 20/25. 


Case 3 

A 20-year-old man was referred in July 1986 
with a diagnosis of advanced chronic ulcerative 
keratitis of the left eye and early epithelial and 
stromal keratitis of the right eye. The patient 
wore extended-wear soft contact lenses with a 
peroxide disinfection system and used home- 
made saline prepared from salt tablets and 
distilled water. He first developed pain, red- 
ness, and photophobia in the left eye five 





Fig. 2 (Berger and associates). Case 1. Central 
corneal scar with vascularization after five months of 
antiamoebic therapy. 
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Fig. 3 (Berger and associates). Case 1. Slit beam 
demonstrating clear corneal graft four months post- 
operatively. 


months before referral and was noted to have a 
dendriform epithelial lesion of the left cornea. 
The patient discontinued wearing his contact 
lens in the left eye only. He was treated with 
trifluridine 1% eyedrops for presumed herpes 
simplex keratitis. Despite the addition of topi- 
cal antibiotics, prednisolone acetate 1%, and 
the use of a bandage contact lens, he experi- 
enced moderately severe pain associated with a 
slowly progressive stromal infiltrate and inter- 
mittent epithelial breakdown of the left cornea. 
One week before examination at the Jules Stein 
Eye Institute, the patient developed epithelial 
defects and an early stromal infiltrate in the 
right eye. 

Initial examination disclosed best-corrected 
visual acuity of R.E.: 20/30 and L.E.: hand 
motions. Slit-lamp examination of the right eye 
showed an irregular, linear epithelial fluoresce- 
in staining pattern centrally, with a few small 
infiltrates in the underlying anterior stroma 
(Fig. 4). Additionally, there was a linear infil- 
trate in the deep peripheral stroma surrounding 
a corneal nerve. Slit-lamp examination of the 
left eye showed a 4.0-mm central epithelial 
defect with a dense underlying stromal infil- 
trate; deep stromal blood vessels were noted in 
the periphery (Fig. 5). 

Corneal scrapings were obtained from the left 
eye and swab specimens were obtained from 
the right eye. All cultures and smears taken 
upon admission were negative. The patient was 
treated with topical fortified tobramycin, 15 
mg/ml, and cefazolin, 50 mg/ml, hourly in the 
left eye. Trifluridine 1% eyedrops every two 
hours and gentamicin 0.3% eyedrops four times 
each day were initiated in the right eye. No 





Fig. 4 (Berger and associates). Case 3. Slit beam of 
right eye showing central anterior stromal infiltrates 
on initial manifestation. 


clinical improvement was noted after three 
days, and a 3.0-mm lamellar corneal biopsy was 
performed in the left eye. Specimens were sent 
for bacterial, mycobacterial, fungal, and viral 
culture; a nonnutrient agar with an E. coli 
overlay was also inoculated. All cultures were 
negative, but histopathologic staining of the 
corneal biopsy specimen with hematoxylin and 
eosin, Masson’s trichrome, and Gomori methe- 
namine-silver disclosed numerous amoebic 
cysts and trophozoites. A wet mount prepared 
from the contact lens case also disclosed Acan- 
thamoeba. Cultures of the contact lens case and 
homemade saline were positive for Acantha- 
moeba, as well as mixed gram-negative bacteria 
and mixed species of fungi. 

The patient’s therapy in the left eye was 
changed to hourly topical propamidine isethio- 





Fig. 5 (Berger and associates). Case 3. Conjunctival 
hyperemia and dense corneal infiltrate of left eye on 
initial manifestation. 
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Fig. 6 (Berger and associates). Case 3. Central 
corneal infiltrate of right eye two months after mani- 
festation. 


nate 0.1%, neomycin-polymyxin B-gramicidin 
every two hours, miconazole 1% every two 
hours, and dibromopropamidine isethionate 
0.15% ointment at bedtime. One week later, a 
lamellar corneal biopsy of the right eye was 
performed, and identical histopathologic and 
culture analysis was performed as described for 
the left eye. All stains and cultures were nega- 
tive. On the basis of the clinical findings, which 
included a perineural infiltrate and Acantha- 
moeba species in the contact lens case and 
homemade saline, a diagnosis of Acanthamoeba 
keratitis was made in the right eye. Treatment 
in the right eye was changed to hourly topical 
propamidine isethionate 0.1%, neomycin- 
polymyxin B-gramicidin every two hours, 
miconazole 1% every two hours, and dibromo- 
propamidine isethionate 0.15% at bedtime. 
The right cornea developed a paracentral 
infiltrate with an overlying epithelial defect on 
this regimen (Fig. 6). Slow resolution of the 
infiltrate with re-epithelialization occurred 
thereafter in the right eye. The left eye im- 
proved slowly with gradual clearing of the 
stromal infiltrate and complete healing of the 
epithelium. The topical therapy in both eyes 
was slowly tapered to a frequency of four times 
each day over a six-month period, and prednis- 
olone acetate 1% four times each day was 
added to both eyes for several months. Residual 
scarring was noted in both eyes seven months 
after initiating antiamoebic therapy, and no evi- 
dence of active inflammation remained (Fig. 7). 
Topical therapy was discontinued in the left 
eye in early March 1987, and best-corrected 
visual acuity at this time was R.E.: 20/20 witha 
gas-permeable contact lens and L.E.: 3/200. In 











Fig. 7 (Berger and associates). Case 3. Central 
corneal scar of left eye with prominent stromal vas- 
cularization after seven months of antiamoebic ther- 


apy. 


three months of observation and no therapy, no 
recurrence of the keratitis in the left eye was 
seen. A penetrating keratoplasty was per- 
formed in the left eye for visual rehabilitation 
in June 1987 (Fig. 8). The host cornea did not 
contain Acanthamoeba cysts or trophozoites. 
Postoperative medications were limited to 
prednisolone acetate 1% eyedrops and poly- 
myxin B-bacitracin zinc-neomycin sulfate- 
hydrocortisone ointment at bedtime. The graft 
has remained clear without recurrent keratitis 
for three years. Uncomplicated cataract extrac- 
tion without an intraocular implant was per- 
formed in February 1988. Best-corrected visual 
acuity improved in the left eye to 20/15. 

From a frequency of four times each day, 
triple antiamoebic therapy was slowly tapered 
and discontinued in the right eye over a period 






; m a 
Fig. 8 (Berger and associates). Case 3. Slit beam 


showing clear corneal graft two months postopera- 
tively. 
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of 17 months. Prolonged therapy was used in 
this eye because of the proximity of the previ- 
ous infiltrates to the visual axis and the fear that 
a recurrence of disease activity could destroy 
central vision. The patient has had no evidence 
of recurrent keratitis for three years. 


Case 4 

A 38-year-old woman was referred in August 
1987 because of pain, redness, and a corneal 
infiltrate in the right eye. The patient wore 
intermittent daily-wear contact lenses with a 
peroxide disinfection system and used home- 
made saline prepared from salt tablets and 
distilled water. Four weeks before examination, 
a small superior corneal epithelial defect with 
associated limbal injection was noted in the 
right eye. Initial therapy included a trial of 
pressure patching and a short course of trifluri- 
dine eyedrops, which were discontinued be- 
cause of local irritation. Her regimen on initial 
examination at the Jules Stein Eye Institute 
included vidarabine ointment 3% five times 
each day and lubricating tears. 

Initial examination disclosed best-corrected 
visual acuity of R.E.: 20/60 and L.E.: 20/20. 
Corneal sensation was intact in both eyes. Slit- 
lamp examination of the right eye disclosed 
diffuse conjunctival injection and an irregular 
corneal epithelium with punctate fluorescein 
staining that extended from the central cornea 
to the periphery at the 2 o’clock meridian. 
There was a faint stromal haze underlying the 
irregular epithelium. A linear branching peri- 
neural infiltrate was noted in the peripheral 
stroma at the 2 o’clock meridian. The anterior 
chamber showed only minimal flare without 
cells. 

Corneal scrapings of the right eye were ob- 
tained and demonstrated amoebic cysts when 
examined with calcofluor white stain. Culture 
of the corneal scrapings using nonnutrient agar 
with an E. coli overlay were positive for Acan- 
thamoeba. Identical cultures taken from the 
contact lens case and homemade saline were 
also positive for Acanthamoeba. 

The patient was treated with topical propami- 
dine isethionate 0.1% every two hours, micona- 
zole 1% every two hours, and dibromopro- 
pamidine isethionate 0.15% at bedtime. 
Neomycin-polymyxin B-gramicidin eyedrops 
were used every two hours but were discontin- 
ued two weeks later because of an allergic 
reaction. Her clinical course was notable for 
complete epithelial healing and gradual clear- 
ing of the perineural infiltrate and the stromal 


haze. The antiamoebic therapy was slowly ta- 
pered over the ensuing six months without 
evidence of recurrent keratitis. Two years later, 
the patient remained asymptomatic with best- 
corrected visual acuity of R.E.: 20/25. 


Case 6 

A 49-year-old man was examined in July 
1986 for punctate corneal epitheliopathy of the 
left eye. The patient wore daily-wear soft con- 
tact lenses and had early evidence of retinitis 
pigmentosa on previous ophthalmic examina- 
tions. The patient had fallen from his bicycle in 
May 1986, landing in muddy water, which con- 
taminated his left eye. He noted redness and 
irritation of the left eye one week later and was 
found to have a punctate corneal epithelial 
fluorescein staining pattern. Herpes simplex 
keratitis was tentatively diagnosed, and the 
patient was treated with trifluridine 1% eye- 
drops nine times each day, vidarabine 3% oint- 
ment at bedtime, and tobramycin 0.3% eye- 
drops four times each day. 

Initial examination disclosed best-corrected 
visual acuity of R.E.: 20/30 and L.E.: 20/60. 
Slit-lamp examination showed generalized 
conjunctival injection of the left eye with a 
diffuse punctate fluorescein staining pattern of 
the left corneal epithelium. Stromal edema 
without keratic precipitates was noted, and 
there were no stromal infiltrates. The anterior 
chambers were deep and quiet in both eyes. 
Retinal examination with a dilated pupil 
showed peripheral bone spicule formation in 
both eyes. The patient was treated with trifluri- 
dine 1% eyedrops six times each day, tobramy- 
cin 0.3% eyedrops four times each day, and 
dexamethasone 0.1% eyedrops four times each 
day for presumed herpes simplex keratitis. 

The patient noted increasing pain and red- 
ness over the ensuing ten days, and scattered 
corneal epithelial defects were noted in a tem- 
poral paracentral location. A trial of intermit- 
tent patching was unsuccessful in healing these 
defects. In August 1986, visual acuity in the left 
eye had deteriorated to 20/200 and a large 
central epithelial defect with three small para- 
central stromal infiltrates was noted. All medi- 
cations were stopped for 48 hours, and the 
patient underwent corneal scrapings for herpes 
simplex culture, which were negative. He was 
given vidarabine ointment 3% four times each 
day, dexamethasone 0.1% eyedrops once each 
day, and cyclopentolate 1% eyedrops three 
times each day. 

The epithelial defects healed only partially 
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on this regimen, and there was no change in the 
central stromal infiltrates or edema. In Septem- 
ber 1986, a ring infiltrate was noted in a para- 
central location, and a clinical diagnosis of 
Acanthamoeba keratitis was made. The patient 
was admitted to the Jules Stein Eye Institute, 
and a corneal biopsy was performed. Cysts 
consistent with Acanthamoeba were seen on 
histopathologic examination of the corneal 
specimen. The regimen was changed to hourly 
triple antiamoebic therapy with topical pro- 
pamidine isethionate 0.1%, neomycin-poly- 
myxin B-gramicidin, and miconazole 1%. The 
patient was also treated with dibromopropami- 
dine isethionate 0.5% ointment at bedtime, 
prednisolone acetate 1% eyedrops three times 
each day, and cyclopentolate 1% eyedrops 
twice each day. A gradual clearing of the ring 
infiltrate with slow healing of the epithelium 
was noted over the next eight weeks, and the 
triple antiamoebic therapy was slowly tapered 
to four times each day. 

The patient reported increasing pain and de- 
creased vision in the left eye in December 1986 
and was found to have visual acuity of hand 
motions with a ciliary flush, increased central 
stromal edema, and the reappearance of a faint 
ring infiltrate. His triple antiamoebic regimen 
was increased to an every-two-hour dosage 
schedule. The patient, however, noted only 
brief symptomatic relief on this regimen. In 
January 1987, he was noted to have increasing 
conjunctival injection, a dense central 1.5-mm 
stromal infiltrate, and a 1.0-mm hypopyon. The 
patient was admitted to the Jules Stein Eye 
Institute for repeat corneal scrapings and cul- 
tures. 

Gram stain of corneal scrapings taken from 
the central stromal infiltrate disclosed gram- 
positive cocci, and bacterial cultures grew 
Streptococcus viridans. A culture using nonnu- 
trient agar with an E. coli overlay again demon- 
strated cysts and trophozoites consistent with 
Acanthamoeba. In addition to antiamoebic ther- 
apy, hourly cefazolin, 50 mg/ml, and tobramy- 
cin, 9 mg/ml, were initiated. The central infil- 
trate resolved rapidly on this treatment, and 
the antibiotics were tapered over a four-week 
period. 

During the ensuing three months, the patient 
noted gradually decreasing pain and redness on 
triple antiamoebic therapy every two hours. 
Serial examinations disclosed a healing epithe- 
lium with a clearing ring infiltrate and decreas- 
ing central stromal edema. A moderately dense 
nuclear sclerotic cataract was noted, and best- 
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corrected visual acuity was counting fingers at 1 
foot in the left eye. Because of his prolonged 
symptomatic course, the patient underwent 
penetrating keratoplasty in the left eye in 
March 1987. Histopathologic examination of 
the corneal specimen disclosed double-walled 
cysts in the stroma and epithelium consistent 
with residual Acanthamoeba. The patient was 
treated postoperatively with a regimen of pro- 
pamidine isethionate 0.1% eyedrops four times 
each day, neomycin-dexamethasone sodium 
phosphate 0.1% four times each day, and cyclo- 
pentolate 1% three times each day. These medi- 
cations were subsequently tapered over an 
eight-month period. Visual acuity in the left 
eye improved only to 20/300 12 months post- 
operatively despite a clear graft, and the patient 
underwent cataract extraction with placement 
of a posterior chamber implant in September 
1988. Two years later, best-corrected visual 
acuity was 20/70 in the left eye because of 
macular changes associated with retinitis pig- 
mentosa. The graft has remained clear for three 
years without evidence of recurrent Acantha- 
moeba infection. 


Discussion 


The medical therapy of Acanthamoeba kerati- 
tis includes the use of topical propamidine 
isethionate 0.1%, dibromopropamidine isethi- 
onate 0.5%, neomycin, neomycin-polymyxin 
B-gramicidin, miconazole nitrate 1%, clotrima- 
zole 1%, corticosteroids, oral ketoconazole, 


débridement may be a useful adjunct as well 
when used with antiamoebic therapy in early 
cases of Acanthamoeba keratitis.’""*” The effica- 
cy of medical therapy alone in eradicating 
Acanthamoeba infections is still debated. In 
part, this is because of the extreme variability in 
clinical manifestation, the lack of widely avail- 
able amoebicidal drug testing facilities, and the 
possibly variable response of different Acantha- 
moeba species to available medical therapy.” 
Review of ophthalmic reports shows several 
series of medical cures with specific combina- 
tion therapies including propamidine isethio- 
nate 0.1%, dibromopropamidine isethionate 
0.15%, neomycin-polymyxin B-gramicidin, 
miconazole nitrate 1%, and corticosteroid eye- 
drops.™7*18712 Although the numbers of pa- 
tients are too small to permit statistical analysis 
of factors associated with medical cure, it seems 
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clear that early diagnosis and minimal stromal 
infiltration are associated with a better re- 
sponse to treatment. Wright, Warhurst, and 
Jones” reported the first medical cure of Acan- 
thamoeba keratitis using a combination of topi- 
cal dibromopropamidine 0.15%, propamidine 
isethionate 0.1%, neomycin, and prednisolone 
acetate 1% over a one-year period. Cohen and 
associates” reported that only two of seven 
patients with Acanthamoeba keratitis associated 
with contact lens use were cured with medical 
therapy alone. In both of these patients, an 
early diagnosis was made two and three weeks 
after onset of their symptoms. The remainder of 
the patients required penetrating keratoplasty 
for progressive Acanthamoeba keratitis or re- 
lapse after maximal medical therapy. Four med- 
ical cures were reported by Lindquist, Sher, and 
Doughman" out of a series of five patients with 
Acanthamoeba keratitis. Three of the four medi- 
cal cures in this series occurred in patients who 
received appropriate antiamoebic therapy rela- 
tively early in the the course of the disease 
(within four weeks after the onset of symp- 
toms). Two patients received wide epithelial 
débridement together with topical propami- 
dine isethionate 0.1%, neomycin—polymyxin 
B-gramicidin, and miconazole 1%. Two addi- 
tional patients received topical propamidine 
isethionate 0.1%, dibromopropamidine isethi- 
onate 0.15%, and neomycin. This same regimen 
in conjunction with the use of prednisolone 
acetate 1% eyedrops proved less effective in the 
fifth patient, who required therapeutic kerato- 
plasty. Moore and McCulley” reported five con- 
secutive cases of successful medical manage- 
ment (and one additional case of successful 
surgical management) of Acanthamoeba kerati- 
tis. The patients treated medically received 
neomycin—polymyxin B-gramicidin and pro- 
pamidine isethionate 0.1% eyedrops. All pa- 
tients reportedly recovered best-corrected visu- 
al acuity of 20/20, and one of the five patients 
required penetrating keratoplasty for visual re- 
habilitation. In this series, however, there was 
only one medical success in which Acantha- 
moeba organisms were recovered from the cor- 
nea and therapy was initiated at a relatively late 
stage (two months) in the disease. Ishibashi and 
associates” reported three cases of successful 
medical management of Acanthamoeba keratitis 
using a combination of oral itraconazole, topi- 
cal miconazole, and débridement. In all cases, 
antiamoebic therapy was initiated nine weeks 
or less from the onset of the patient’s symp- 
toms. 


Our series differs from these in two major 
respects (Table). First, our medical treatment 
was successful in four cases even when appro- 
priate therapy was initiated five weeks or more 
after the onset of symptoms. In Cases 1 and 3, 
ineffective therapy was administered for six and 
five months, respectively, before establishing 
the diagnosis of Acanthamoeba keratitis. Sec- 
ond, in all cases, our patients received intensive 
triple antiamoebic treatment with topical pro- 
pamidine isethionate, neomycin—polymyxin B- 
gramicidin, and miconazole nitrate. This regi- 
men was strictly maintained in all cases but one 
(Case 4) in which the neomycin-polymyxin 
B-gramicidin was discontinued after two weeks 
because of a local allergic reaction. 

With prolonged medical therapy, six of our 
seven patients were ultimately cured of Acan- 
thamoeba keratitis. The visual acuities were 
20/40 or better in six of seven patients, with 
two penetrating keratoplasties performed for 
visual rehabilitation, and one penetrating kera- 
toplasty performed to eradicate persistent (al- 
though improving) active keratitis. 

Topical corticosteroids were carefully intro- 
duced into the therapy of five cases in our series 
and were not associated with clinical deteriora- 
tion in any of these patients. The role of cortico- 
steroids in the treatment of Acanthamoeba re- 
mains controversial. Corticosteroids do blunt 
the host inflammatory response” and thereby 
limit subsequent tissue damage, but this may 
also allow deeper corneal penetration of the 
organism. The effect of corticosteroids on 
amoebic morphogenesis (conversion of cyst to 
trophozoite and vice versa) is also unclear. It 
has been demonstrated that dexamethasone 
concentrations of 15 pg/ml can inhibit mor- 
phogenesis in broth suspensions.” By prevent- 
ing the free transformation of the two existing 
forms of Acanthamoeba, corticosteroids may 
theoretically permit amoebicidal agents to de- 
stroy the trophozoites, whereas the host re- 
sponse clears the inactive amoebic cysts.” In 
clinical Acanthamoeba infections, however, 
there has been no uniform effect of corticoste- 
roids on the keratitis. Although many examples 
of clinical improvement and decreased pain 
exist after the addition of topical corticoste- 
roids, there are also examples of clinical deteri- 
oration and relapse of keratitis while on corti- 
costeroid therapy.” Therefore, caution must be 
exercised in the use of topical corticosteroids in 
Acanthamoeba keratitis. 

In reviewing our seven patients with Acan- 
thamoeba keratitis, several observations consis- 
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TABLE 


SUMMARY OF CLINICAL DATA ON PATIENTS WITH ACANTHAMOEBA KERATITIS 


MEDICAL TREATMENT 
WITH PROPAMIDINE 
ISETHIONATE 0.1% 
MICONAZOLE 1%, DURATION 
SOFT WEEKS NEOMYCIN- TOPICAL OF FINAL 
CASE NO., CONTACT HOMEMADE OTHER RISK UNTIL POLYMYXIN CORTICO- TREATMENT CORNEAL VISUAL 
AGE (yrs) LENSES DISINFECTION SALINE FACTORS DIAGNOSIS B-GRAMICIDIN STEROIDS (mos) TRANSPLANT ACUITY 
1,38 Daily-wear None Yes No 24.0 Yes Yes 5 Yes 20/25 
2,40* Daily-wear None Yes No 1.5 Yes No 4 No 20/20 
3,20 Extended- Peroxide Yes No 20.0 Yes Yes R.E. 17, Yes, L.E. R.E.: 20/20 
wear L.E. 9 L.E.: 20/15 
4,38 Daily-wear Peroxide Yes No 4.0 Yes No 6 No 20/25 
5,30 Daily-wear Peroxide No No 10.0 Yes Yes 6 No 20/40 
6,49 Daily-wear None No Contaminated 12.0 Yes Yes 14 Yes 20/70 
water 
7,22 Daily-wear None Yes No 5.0 Yes Yes 15 No 20/30 


*Previously reported. 


tent with previously published reports can be 
made (Table). The strong association of contact 
lens wear and Acanthamoeba keratitis is under- 
scored, as all seven of our patients had worn 
either daily- or extended-wear contact lenses 
before the development of keratitis. Three pa- 
tients used a peroxide disinfection system, 
which has been previously demonstrated to be 
less efficacious in eradicating the Acanthamoeba 
organisms than thermal disinfection.” The re- 
maining four patients used no disinfection sys- 
tem at all. Additionally, five of seven patients 
used homemade saline prepared from salt tab- 
lets and distilled water. 

The most common misdiagnosis resulting in 
the delay of appropriate antiamoebic therapy 
was herpes simplex keratitis, having been diag- 
nosed initially in five of seven patients. The 
range of initial signs in our patients included 
punctate and dendriform corneal epithelial 
staining patterns, disciform stromal edema, 
perineural infiltrates, and central and paracen- 
tral stromal infiltrates. In all of our patients, the 
diagnosis of Acanthamoeba keratitis was estab- 
lished easily by using corneal scrapings or biop- 
sy material and calcofluor white, hematoxylin 
and eosin, Masson’s trichrome, or Gomori me- 
thenamine-silver stains. Confirmatory cultures 
were obtained in our cases by using nonnutri- 
ent agar with an E. coli overlay. One of our 
patients (Case 3) had presumed bilateral Acan- 
thamoeba keratitis. Although the organism was 
identified by histopathologic examination of 
the corneal stroma only from the left eye, it was 


recovered from both compartments of the con- 
tact lens case and the homemade saline. Addi- 
tionally, the corneal perineural infiltrate and 
the patient’s positive response to antiamoebic 
therapy were highly suggestive of Acantha- 
moeba keratitis in the right eye. 

Acanthamoeba keratitis is a devastating dis- 
ease, which has been among the most diffi- 
cult corneal infections to treat. Our series, as 
well as the experience of other investiga- 
tors,?68-15,15-18,21,22,25 demonstrates, however, that 
it is not an infection that has a uniformly poor 
prognosis. We believe that the intensive use of 
triple antiamoebic therapy (propamidine is- 
ethionate, neomycin-polymyxin B-gramicidin, 
miconazole nitrate) for a prolonged course be- 
fore penetrating keratoplasty may effectively 
eradicate the Acanthamoeba organisms in early 
or even advanced stages of this disease. In cases 
of actual or threatened corneal perforation, or 
intractable pain, earlier penetrating keratoplas- 
ty may still be necessary. When these situations 
do not occur, however, extended medical thera- 
py appears to be a successful and tolerable 
mode of treatment. 
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Successful Treatment of Recurrent Corneal Erosion With 
Nd:YAG Anterior Stromal Puncture 


Harry S. Geggel, M.D. 


I used a new technique to create anterior 
corneal stromal punctures for the treatment of 
traumatic recurrent corneal erosions that had 
not responded to conventional therapy. Three 
patients with such erosions within the visual 
axis were successfully treated by using multi- 
ple applications of the Nd:YAG laser set at 
energy levels between 1.8 and 2.2 mJ. One of 
these patients had previous stromal puncture 
with a bent 25-gauge needle. The erosions of 
all patients healed without complications and 
have remained symptom-free for four to six 
months. Compared with needle puncture, the 
laser punctures were more reproducible, shal- 
low, and translucent. 


Aroucu Most PATIENTS with recurrent cor- 
neal erosions respond to simple, conservative 
treatment strategies consisting of mechanical 
débridement, patching, topical lubrication, or 
application of therapeutic bandage contact 
lenses, some patients still require anterior stro- 
mal puncture to help anchor the epithelium to 
its underlying substrate. McLean, MacRae, 
and Rich’ described the original technique and 
used a 20-gauge needle to make focal breaks in 
the stroma without débriding the epithelium. 
Large triangular scars are created by this nee- 
die. Other surgeons have used smaller gauge 
needles to minimize scarring but have reported 
deep incisions with 27- or 30-gauge needles.5’ 
Using a bent needle tip would minimize inci- 
sion depth but would still create a triangular 
scar. Although patients with recurrent corneal 
erosion have been treated successfully within 
the visual axis with needle stromal puncture, 
previous animal studies suggested that a more 
refined, shallow, and reproducible stromal 
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puncture could be performed by using the 
Nd:YAG laser focused at the basement-mem- 
brane zone after epithelial débridement.® Three 
patients with recalcitrant traumatic recurrent 
corneal erosions that did not respond to estab- 
lished therapy were treated with this new laser 
modality. 


Case Reports 


Case 1 

A 26-year-old woman had steel-wool and 
fiberglass particles blow into her right eye in 
February 1989. The particles were removed by a 
physician. Over the next nine months, she had 
six episodes of recurrent corneal erosion. Treat- 
ment consisted of lubrication, patching, three 
separate epithelial débridements, and bandage 
therapeutic contact lens trial. Upon referral in 
November 1989, she had a 2.0 x 3.0-mm corne- 
al erosion with loosely applied epithelium in 
the paracentral area bisecting the lower half of 
the pupillary zone. Best-corrected visual acuity 
was 20/30. Photokeratoscopic photographs 
disclosed epithelial irregularity in the affected 
area. Topical proparacaine hydrochloride and 
gentamicin sulfate eyedrops were applied. 
After epithelial débridement with cellulose 
sponges, the lower half of the affected area 
appeared irregular and the superior half had an 
apparently smooth, shiny appearance. Since 
the superior half was within the pupillary zone, 
only the inferior half was treated with 130 
Nd:YAG single pulses at 1.8 to 2.0 mJ. Topical 
prednisolone acetate and cyclopentolate hydro- 
chloride eyedrops, polymyxin B sulfate /baci- 
tracin ointment, and a pressure patch were 
applied. Two weeks later, only 70 superficial 
laser spots could be seen with the slit-lamp 
biomicroscope. Three were at the midstromal 
level. The epithelial surface was smooth and 
intact. The patient returned at the end of Janu- 
ary 1990 with symptoms of recurrent corneal 
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erosion. An erosion was noted above the treat- 
ed area. Two small punctate fluorescein-stained 
spots were seen in the previously treated area. 
The epithelium was once again débrided, and 
an additional 200 Nd:YAG single pulse laser 
applications at 1.8 to 1.9 mJ were applied to the 
new area of erosion; 80 additional applications 
also were placed in the lower area where fluo- 
rescein staining occurred. The débrided area 
re-epithelialized within two days. The patient 
was treated with prednisolone acetate eyedrops 
and chloramphenicol ointment for one week 
and then bland nonpreserved ointments at bed- 
time. Two weeks later, pinpoint spots at the 
level of Bowman’s layer were noted. Several 
spots were slightly larger, translucent, and lo- 
cated in the anterior stroma slightly below 
Bowman’s layer (Fig. 1). Six months after the 
treatment, visual acuity had returned to 20/20, 
and the patient had no symptoms of recurrent 
corneal erosion. The pinpoint laser spots have 
faded in intensity. 


Case 2 

A 39-year-old woman scratched her left cor- 
nea with the edge of a hard contact lens in 1983. 
After patching, she did well for six years until 
an erosion occurred upon awakening in Octo- 
ber 1989. She was treated unsuccessfully with 
patching, bland ointments, and three separate 
epithelial débridements. A six-week trial with a 
therapeutic bandage lens led to further epithe- 





Fig. 1 (Geggel). Case 1. Slit-lamp photograph two 
weeks after Nd:YAG laser puncture. Pinpoint spots 
and slightly larger translucent circular dots are visi- 
ble. 
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lial breakdown. Upon referral in Febru. 
1990, the patient had a 3.0 x 2.0-mm parac 
tral erosion bisecting the nasal half of 

visual axis. Best-corrected visual acuity y 
reduced to 20/40. After topical proparaca 
hydrochloride and gentamicin sulfate eyedr 
were applied, the epithelium in the invol: 
area was débrided with cellulose sponges. | 
patient then received 200 Nd:YAG single pu 
applications at 2.1 to 2.2 mJ (Fig. 2). Topi 
prednisolone acetate eyedrops and polymyxi 
sulfate/bacitracin ointment were taken, an 
pressure patch was applied. The epithelial 

fect healed after two days of patching. Ble 
nonpreserved ophthalmic ointments and e 
drops were used during the day and at bedtir 
The pinpoint laser spots became more fa 
over a four- to eight-week period. The pati 
did not notice any visual problems althot 
some of the applications were within the pu 
lary area. Four months after treatment, exa 
nation disclosed an intact epithelium with 
fluorescein staining. She still was using ble 
ointment at bedtime on a regular basis. Vis 
acuity had returned to 20/20. 


Case 3 

A 41-year-old woman hit her left cor 
against the edge of a cardboard box in h 
1989. Over the next seven months, she had 
episodes of recurrent corneal erosion uj 
awakening in the morning. Bland ointme: 


Fig. 2 (Geggel). Case 2. Retroillumination slit-lé 
photograph immediately after Nd:YAG laser pt 
ture. Pinpoint laser spots are apparent in the tre: 
nasal half of the débrided pupillary area. 
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Fig. 3 (Geggel). Case 3. A recurrent erosion located 
in the superonasal pupillary area at initial manifesta- 
tion. Large, irregular, slanted needle stromal punc- 
tures are visible beneath the erosion. 


patching, débridement, and therapeutic contact 
lenses did not relieve her symptoms. In June 
and again in December 1989, anterior stromal 
puncture with a bent 25-gauge needle was per- 
formed. A total of 60 punctures were placed in 
the medial, inferior, and nasal parts of the 
cornea. The patient had another erosion within 
the visual axis in February 1990 and was re- 
ferred for treatment. Best-corrected visual acu- 
ity was 20/100. She hada 2.5 X 2.0-mm area of 
loosened epithelium lying within and strad- 
dling the nasal half of the visual axis (Fig. 3). 
After topical proparacaine hydrochloride and 
gentamicin sulfate eyedrops were applied, the 
involved area was débrided with cellulose 
sponges. The patient received 200 Nd:YAG sin- 
gle pulse applications at 2.1 mJ. She was treated 
with prednisolone acetate, cyclopentolate hy- 
drochloride, and polymyxin B sulfate /bacitra- 
cin for one week and bland nonpreserved eye- 
drops and ointments thereafter. The defect 
healed within two days and visual acuity re- 
turned to 20/20 in one week, Three months 
after laser stromal puncture, approximately 100 
spots were visible in the area of treatment. 
Eighty spots were translucent and pinpoint in 
size; 20 were slightly larger, gray-white, circu- 
lar, and located slightly below Bowman’s layer. 
No midstromal scars were noted. The laser 
puncture scars were dramatically smaller in 
size and more uniform in depth than the previ- 
ously placed needle stromal punctures (Fig. 4). 





i : 5 j 


Fig. 4 (Geggel). Case 3. Three months after 
Nd:YAG laser puncture, laser scars are dramatically 
smaller in size than the needle puncture tracks. 





Central keratometry showed crisp, sharp mires, 
and the photokeratoscopic image was smooth. 
No focal staining was apparent with fluorescein 
dye. The patient reported no further episodes 
of recurrent erosions. 


Discussion 


Anterior stromal puncture can be performed 
easily by using the Nd:YAG laser. This should 
be an easy technique to master by surgeons 
who are already familiar with this laser for 
routine posterior capsulotomies. The patients 
feel no pain during the procedure after the 
application of topical proparacaine hydrochlor- 
ide eyedrops. No eyelid speculum is necessary, 
and a laser lens need not be applied to the 
cornea to focus the laser beam. Unlike needle 
stromal puncture, the epithelium should be 
débrided so that the helium-neon aiming beam 
can be focused slightly anterior to the base- 
ment-membrane zone. Irregular and edema- 
tous epithelium, as is often seen in recurrent 
corneal erosion, will make it difficult to focus 
the laser aiming beam critically. Care was taken 
to focus slightly in front of the basement- 
membrane zone so that the induced shock wave 
would hit the corneal surface and not be fo- 
cused in the anterior stroma.’ The aiming beam 
can be focused with diffuse white light and 
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medium magnification. Alternatively, surgeons 
can also use fluorescein dye and the cobalt blue 
filter, which provides good contrast to focus the 
red aiming beam. Since the laser creates smaller 
stromal breaks, more applications are neces- 
sary compared with needle stromal puncture 
(Case 3). Spots were placed in rows approxi- 
mately 0.20 to 0.25 mm apart. Audible snaps 
are created as the laser shockwave hits the 
cornea, and small dimples can be seen created 
in the surface of the cornea. A few applications, 
however, were placed inadvertently in the ante- 
rior half of the corneal stroma. When this oc- 
curred, a larger bubble was immediately noted 
in the stroma. Several weeks later, a well- 
circumscribed, circular, gray-white dot was 
seen in the same location. These small spots 
caused no visual symptoms for the patients and 
were still markedly smaller in size than needle 
stromal scar tracks. No clinical breaks in the 
endothelium were seen; however, specular mi- 
croscopy was not performed postoperatively. 
Animal studies have shown that isolated, focal 
endothelial /Descemet’s membrane damage oc- 
curs in only 2% of animals treated with the 
Nd:YAG laser puncture technique.’ Making 
sure that the laser is focused at the anterior 
surface will reduce any endothelial trauma. 
Corticosteroid eyedrops were used for one 
week to minimize inflammation and to make 
the patient more comfortable. As was found 
with microdiathermy applications,’ retreat- 
ments may be necessary (Case 1). The patients 
should be told in advance that further treat- 
ments may have to be performed. 

This new technique has several advantages 
over needle stromal puncture. Even if one 
bends the tip, punctures with a needle will not 
be uniform in depth and many will be angulat- 
ed producing wider scars (unpublished animal 
data). Since the treatments are more shallow 
with the laser, less corneal scarring will be 
created. Although surgeons have applied nee- 
dle punctures within the visual axis successful- 
ly, the laser technique will create more refined 
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and pinpoint punctures, which should mini- 
mize symptoms of glare and haze. Energy levels 
between 1.8 and 2.2 mJ seem appropriate to 
create focal breaks in both the human and 
rabbit cornea. The mechanism by which stro- 
mal puncture actually improves epithelial ad- 
hesion is unknown. Theoretically, if one creates 
a focal break in but not through Bowman’s 
layer, epithelial adhesion may still occur with 
little or no scarring. Indeed, many of the laser 
spots that were visible immediately after treat- 
ment seemed to disappear during wound heal- 
ing, which suggests that superficial treatment 
was sufficient to enhance epithelial adhesion to 
the underlying stroma. 
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Penetrating Keratoplasty After Ocular Trauma 


Gregory S. Doren, M.D., Elisabeth J. Cohen, M.D., Steven E. Brady, M.D., 
Juan J. Arentsen, M.D., and Peter R. Laibson, M.D. 


We reviewed the records of 41 patients who 
underwent penetrating keratoplasty for a cor- 
neal opacity caused by trauma between Jan. 1, 
1983, and Dec. 31, 1988. Most of the patients 
were young males whose average age was 35 
years. Common tools accounted for many inju- 
ries (14 of 41, 34%). Sixteen injuries (39%) were 
work-related. Thirty-six patients (88%) had 
corneal scars from a perforating injury, four 
patients (10%) had corneal edema, and one 
patient (2%) required emergency penetrating 
keratoplasty for extensive tissue loss. Of the 
39 patients with one year of follow-up, 31 
(82%) maintained clear corneal grafts. Rejec- 
tion occurred in nine of 39 patients (23%) and 
only three (33%) of the rejections resolved. 
Visual outcome was favorable with 20 patients 
(51%) attaining best-corrected postoperative 
visual acuity of 20/20 to 20/40, nine patients 
(23%) attaining visual acuity of 20/50 to 20/ 
100, and ten patients (26%) attaining visual 
acuity of 20/200 or worse. Preoperative retinal 
disease (six of 39, 15%), astigmatic errors (five 
of 39, 13%), graft failures (four of 39, 10%), and 
postoperative glaucoma (12 of 39, 31%) ad- 
versely influenced the outcome. Although the 
prevalence of postoperative complications is 
relatively high, good visual results can be 
obtained in patients who undergo penetrating 
keratoplasty after ocular trauma. 


O curar trauma is a frequent cause of unilater- 
al blindness.!® For those patients who suffer 
serious anterior segment injuries, final visual 
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acuity is often reduced by corneal scarring and 
irregularity. Often, rigid contact lenses correct 
irregular astigmatism and allow these patients 
to attain useful vision. For some individuals, 
however, corneal scars are dense and central 
enough to impair vision. For these patients, 
corneal transplantation can improve vision.’® 

Little data exist regarding the outcome for 
patients who undergo penetrating keratoplasty 
after trauma, because trauma is an uncommon 
indication for penetrating keratoplasty.** Pre- 
vious studies have reported the high prevalence 
of postoperative complications, such as glauco- 
ma and graft rejection.*** We analyzed our 
recent experience with corneal transplantation 
in patients with ocular trauma. 


Patients and Methods 


We reviewed the records of all our patients 
who underwent penetrating keratoplasty for a 
trauma-related corneal opacity between Jan. 1, 
1983, and Dec. 31, 1988. Factors analyzed in- 
cluded age, sex, race, associated ocular surgery 
or complications, the status of the lens and 
retina, best-corrected preoperative and postop- 
erative visual acuity, preoperative and postop- 
erative intraocular pressures, and the graft clar- 
ity. Contact lens trials in addition to all 
refractive and keratometric data were evaluat- 
ed. We also examined the source of injury, its 
setting (that is, work or home), and the time 
from initial injury to penetrating keratoplasty. 

Snellen visual acuities were categorized into 
three main groups: good visual acuity of 20/20 
to 20/40, moderate visual acuity of 20/50 to 
20/100, and poor visual acuity of 20/200 or 
worse, Best-corrected visual acuity was used for 
statistical evaluation. Increased intraocular 
pressure was defined as an intraocular pressure 
greater than 21 mm Hg, which required either 
medical or surgical treatment. Retinal status 
was determined clinically, with intravenous 
fluorescein angiography used when necessary 
for diagnosis. 
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With regard to postoperative data, only those 
patients with at least one year of follow-up or 
those believed to be at a visual end point (for 
example, 20/200 visual acuity in a patient with 
a macular hole) were used for statistical analy- 
sis. Statistical evaluation was by chi-square 
tests with Fisher’s variant as required by sam- 
ple size. 

Penetrating keratoplasty was performed with 
a 0.2-mm oversized corneal donor for phakic 
eyes and a 0.5-mm oversized donor for aphakic 
and pseudophakic eyes in most cases. Either 
interrupted 10-0 nylon suture, a continuous 
10-0 nylon running suture, or a combined tech- 
nique was used for closure depending on the 
amount of vascularization and surgeon prefer- 
ence. Mechanical vitrectomy was performed 
when there was vitreous in the anterior cham- 
ber at the time of surgery. When cataract sur- 
gery was required, the extracapsular method 
was performed in most cases, with or without 
intraocular lens implantation. An all-poly- 
methylmethacrylate, open-looped anterior 
chamber lens was inserted in two patients sec- 
ondarily. Peripheral anterior synechiae and 
posterior synechiae were lysed at the time of 
surgery. Residual cortex from previous opera- 
tions or inflammatory membranes in the visual 
axis were also removed when encountered." In 
two of our patients, a rotating keratoplasty was 
performed for peripheral corneal scars.” 


Results 


Of the 41 patients, 33 (80%) had a corneal 
scar as the surgical indication, four (10%) had 
corneal edema secondary to trauma, three (7%) 
had a corneal scar and cataract, and one patient 
(2%) had such severe tissue loss that corneal 
transplantation was required to close the eye. 
The average age of the patients was 35 years 
(range, 1 to 80 years). There were 35 males and 
six females. The right eye was affected in 16 
patients and the left eye was affected in 23 
patients. Most of our patients were young 
males with left eyes more commonly affected. 

The cause of trauma was tools in 14 patients 
(34%), motor vehicle accidents in nine (22%), 
glass fragments in seven (17%), fights in four 
(10%), war injuries in two (5%), and miscella- 
neous sources in five (12%). The miscellaneous 
category was composed of injuries from a fish- 
hook, piece of concrete, plank, and two un- 
known projectiles. Sixteen (39%) of the injuries 
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were work-related, most of these from tools. 
None of our patients with work-related injuries 
wore Safety spectacles. 

Twenty-eight (68%) of our patients had apha- 
kia secondary to their initial injury. The aver- 
age time interval from the initial injury to 
penetrating keratoplasty was seven years 
(range, one day to more than 50 years). 

The procedures performed were penetrating 
keratoplasty alone in 27 patients (66%); pene- 
trating keratoplasty with lysis of peripheral 
anterior synechiae in seven (17%); penetrating 
keratoplasty with cataract extraction with in- 
traocular lens implantation in two (5%) and 
without intraocular lens implantation in one 
(2%); penetrating keratoplasty with secondary 
intraocular lens implantation in two (5%); and 
rotary penetrating keratoplasty in two (5%). 
Four patients received intraocular lenses at the 
time of their surgery, two in association with 
their cataract removal and penetrating kerato- 
plasty, and two secondarily. There was one case 
of postoperative endophthalmitis caused by 
streptococcus, which resulted eventually in 
enucleation. 

The average length of follow-up was 32 
months (range, one to 72 months). Of the 41 
patients, 37 had at least one year of follow-up. 
Two additional patients with poor vision 
caused by retinal disease were thought to be at 
a visual end point with less than one year of 
follow-up. It is these 39 patients who comprise 
the database for analysis of postoperative data. 
The remaining two patients had only one and 
three months of follow-up and were not includ- 
ed in the analysis. 

Corneal graft clarity was achieved in most of 
our patients (32 of 39, 82%). Those patients 
younger than 18 years old, as a group, had 
higher rates of graft failure with five of eight 
(62%) clear. There was a fairly high rate of 
rejection. Not including the two cases of rotat- 
ing keratoplasty and the one case of early en- 
dophthalmitis, nine patients (25%) had at least 
one episode of rejection. Only one third of 
these resolved with medical treatment. The 
average onset of a rejection episode leading to 
graft failure was 22 months postoperatively 
(range, seven to 36 months). 

Preoperatively, two of 39 patients (5%) had 
visual acuity of 20/20 to 20/40, nine (23%) had 
visual acuity of 20/50 to 20/100, and 28 (72%) 
had visual acuity of 20/200 or worse. Of the 
five patients younger than 10 years of age, all 
had preoperative visual acuity of 20/200 or 
worse. Postoperatively, 20 of 39 patients (51%) 
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had visual acuity of 20/20 to 20/40, nine (23%) 
had visual acuity of 20/50 to 20/100, and ten 
(26%) had visual acuity of 20/200 or worse. Of 
the five patients younger than 10 years of age, 
three (60%) had visual acuity of 20/20 to 20/ 
40, one (20%) had visual acuity of 20/50 to 
20/100, and one (20%) had visual acuity of 
20/200 or worse. There was no correlation 
between final visual outcome and a patient's 
age, sex, race, type of injury, or whether vitrec- 
tomy was performed at the time of surgery. 
Patients referred from the Retina Service had 
worse final visual acuity because of their previ- 
ous retinal disease. For those 19 patients with 
final visual acuity worse than 20/40, retinal 
disease (including retinal detachment, cystoid 
macular edema, and diabetic retinopathy) was 
the reason for poor vision in six patients (32%), 
astigmatic or refractive errors in five (26%), 
cornea in four (21%), glaucoma or optic neu- 
ropathy in two (11%), amblyopia in one (5%), 
and endophthalmitis in one (5%). One of the 
five patients younger than 10 years of age had 
amblyopia accounting for final visual acuity 
less than 20/40. 

Postoperative complications included in- 
creased intraocular pressure in 12 patients 
(31%), retinal detachment in three (8%), trau- 
matic wound dehiscence in three (8%), suture 
abscess in two (5%), endophthalmitis in one 
(2.5%), and no complications in 18 (46%). 
There was no Statistically significant difference 
regarding increased intraocular pressure when 
comparing aphakic and pseudophakic eyes to 
phakic eyes. Medications were able to control 
intraocular pressures in most patients (nine of 
12, 75%). Three patients required cyclodestruc- 
tive procedures to control intraocular pressure. 

Postoperatively, over one half of the patients 
in the 20/20 to 20/40 visual acuity group 
required contact lenses. Three of these 12 pa- 
tients chose to not wear their lenses. 


Discussion 


We were able to achieve excellent visual re- 
sults (20/20 to 20/40) in 51% of our patients 
who underwent penetrating keratoplasty after 
ocular trauma. Many of those who had visual 
acuity of less than 20/40 had posterior segment 
causes for their poor vision or had uncorrected 
irregular residual astigmatism. Because the re- 
quirement for inclusion in our study was one 
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year of follow-up, many of our patients with 
grafts had not been visually rehabilitated com- 
pletely. We expect that this subgroup of pa- 
tients with residual astigmatic error may attain 
improved visual acuity. We think that-the prog- 
nosis for penetrating keratoplasty is favorable, 
especially if the effects of the initial trauma are 
localized to the anterior segment. Given the 
varied nature of ocular trauma, each patient's 
clinical situation is unique. Our results are 
favorable when compared to previous studies’ 
and similar to others*®4 with regard to visual 
outcome and graft survival. Patients who have 
poor prognoses because of posterior segment 
abnormalities may be advised not to undergo 
penetrating keratoplasty. 

We found graft rejections to be frequent and 
resistant to medical treatment. Neither result is 
surprising, given the young age of our patients 
and the often vascularized nature of the corneal 
scarring. These patients are followed up fre- 
quently to observe any early signs of rejection. 

Increased intraocular pressure was a frequent 
problem after surgery, increasing from four 
patients (10%) preoperatively to a total of 12 
patients (32%) postoperatively. The combina- 
tion of anterior segment trauma, associated 
angle injury, residual peripheral anterior syne- 
chiae, and aphakia all contribute to a high 
prevalence of glaucoma after keratoplasty. This 
association in patients with trauma who under- 
went keratoplasty has been noted in previous 
series.*“§ The addition of YAG cyclophotocoag- 
ulation and setons offers more therapeutic op- 
tions.” 

Many of our patients with irregular astigma- 
tism tried contact lenses before undergoing 
surgery and failed to attain good vision or 
comfort. We think a trial of contact lens wear 
should be attempted before performing corneal 
transplantation, because many patients can at- 
tain surprisingly good visual acuity when their 
irregular astigmatism is treated, which elimi- 
nates the need for surgery. It is also important 
to tell patients that contact lens wear may be 
necessary to attain the best visual acuity post- 
operatively and to correct any residual astigma- 
tism and aphakia. Of our 17 patients who 
required contact lenses postoperatively, only 
two patients were unable to wear the lenses. 
However, three patients who had no difficulty 
wearing the contact lenses chose not to use 
them. Their uncorrected eyes helped them little 
in their day-to-day activities. 

Younger patients tended to fare worse in our 
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study, with a higher percentage of graft rejec- 
tion. In children younger than 10 years of age, 
an added concern regarding final visual acuity 
is amblyopia. In unilateral aphakia, the preven- 
tion of amblyopia is difficult. Coupled with 
corneal transplantation, that difficulty is in- 
creased. Parents should be able to take an 
active role in their child’s treatment before the 
ophthalmologist recommends corneal trans- 
plantation. It is particularly important to ex- 
plain in detail the difficult course ahead for 
parents if such surgery is performed, so they 
are fully aware of their responsibilities in treat- 
ment. Concurrent care with a pediatric oph- 
thalmologist as well as an experienced contact 
lens team is necessary for achieving optimal 
results. 

Three patients (18%) had traumatic wound 
dehiscence postoperatively, which suggests our 
patients may be an inherently trauma-prone 
population. Safety spectacles should be rec- 
ommended to these patients after keratoplasty. 

Even though many of these patients suffered 
marked disorganization of the anterior seg- 
ment, angle damage, cataracts, and posterior 
segment injury, good results were achieved 
with penetrating keratoplasty in many patients. 
Meticulous attention to management of the 
vitreous intraoperatively and close postopera- 
tive monitoring of patients, especially children, 
is essential to minimizing complications. In- 
creased intraocular pressure and retinal disease 
persist as the most difficult postoperative prob- 
lems to treat. Finally, in our study, a high 
percentage of work-related ocular injuries 
might have been prevented if safety goggles for 
workers at risk for injury were worn routinely. 
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OPHTHALMIC MINIATURE 
I looked at them. Four half-moons of magnification were ground into each 
lens. When I raised them and looked through them, the front of the building 
swam like hot taffy, and Al became a small crowd. “I thought I had a 
problem, having to look straight ahead,” I said. “What do you use them 


for?” 


Wallace Stegner, Angle of Repose 


New York, Fawcett Crest, 1971, p. 65 


Limbal Autograft Reconstruction After Conjunctival 


Squamous Cell Carcinoma 


Robert A. Copeland, Jr., M.D., and Devron H. Char, M.D. 


Two patients who had squamous cell carci- 
noma with extensive limbal and corneal in- 
volvement were treated with surgery and cry- 
otherapy. Rarely large areas of the cornea are 
involved by this tumor. Visual prognosis in 
such patients is poor. In these two patients, 
autologous limbal transplants were effective 
in restoring an excellent corneal surface and 
good visual function. This technique may be 
useful in the reconstruction of eyes with ex- 
tensive neoplastic involvement of the corneo- 
scleral limbus and cornea. 


Souamous CELL CARCINOMA of the conjunctiva 
can have a myriad of ocular manifestations.’ A 
localized bulbar conjunctival condition is usu- 
ally diagnosed and treated with retention of 
excellent vision. When there is a wide area of 
corneal neoplasia, tumor control with good 
visual outcome is less likely. Complete tumor 
resection or radiation of the entire neoplasm is 
required to prevent recurrence.’” There is at 
least a 50% long-term recurrence rate after 
incomplete treatment. Even studies with less 
than one year of follow-up had up to a 40% 
prevalence of local failure.’** Adjunctive cryo- 
therapy has been used to ensure complete tu- 
mor control; however, this can result in in- 
creased inflammation and scarring.’ 

Treatment of malignancies that involve over 
50% of the corneoscleral limbus and cornea has 
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significant ocular morbidity. In our experience 
almost all such corneas developed secondary 
surface irregularities, vascular ingrowth, epi- 
thelial defects, stromal scarring, and persistent 
inflammation, and had a poor visual outcome. 
The relative role of the tumor and treatment in 
posttherapy morbidity is uncertain. Thoft® and 
Kenyon and Tseng’ have used either autologous 
conjunctival or limbal transplantation to treat a 
number of nonmalignant disorders associated 
with poor corneal epithelial regeneration, in- 
cluding chemical burns, trauma, and nutrition- 
al disorders. Limbal cells serve as progenitors 
for the corneal epithelium. In some animal 
models transdifferentiation of the conjunctiva 
to phenotypically normal corneal epithelium 
has been observed.** 

We used an autologous limbal transplanta- 
tion technique to rehabilitate the eyes of two 
patients who had squamous cell carcinomas 
that involved almost the entire cornea and 
corneoscleral limbus. Both patients recovered 
excellent vision. — 


Case Reports 


Case 1 

A 53-year-old man, first examined by us in 
November 1987, had a vascular lesion on the 
inferotemporal portion of the right cornea and 
bulbar conjunctiva of at least ten years’ dura- 
tion. A biopsy specimen of this lesion had been 
taken in October 1986, and a diagnosis of con- 
junctival intraepithelial neoplasia was made. 
Because of recurrence, the patient was referred 
for treatment. 

Visual acuity was 20/100 in the involved 
right eye. A vascular, fleshy conjunctival mass 
was noted from the 4 oclock meridian clock- 
wise to the 1 o'clock meridian. More than 70% 
of the cornea was superficially involved. No 
intraocular extension was observed. The tumor 
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was removed with frozen section control of the 
distal conjunctival margins, and the area was 
treated with double freeze-thaw cryotherapy. 
The corneal portion of the tumor was scraped 
off the superficial stroma with a scalpel, and the 
area was treated with cryotherapy. A large 
conjunctival defect over the insertions of two 
extraocular muscles necessitated coverage with 
an autologous mucous membrane graft. Histo- 
logic examination disclosed a squamous cell 
carcinoma. The corneal surface re-epithelial- 
ized but was irregular with vascular ingrowth, 
opacification, and persistent inflammation (Fig. 
1). On two occasions within 18 months after 
treatment, biopsies of suspected areas were 
performed, and the results did not disclose 
tumor. The corneal surface irregularity, neo- 
vascularization, and opacification resulted in 
best-corrected visual acuity of counting fingers. 
_In March 1989, the patient had an autologous 
limbal transplant from the contralateral eye.’ 
Before transplantation the corneal epithelium 
and the superficial stromal fibrovascular scar 
were dissected from the recipient eye with a 
No. 57 Beaver blade. Two donor sites at the 12 
o’clock and 6 o’clock meridians were used. In 
each area a partial-thickness graft approxi- 
mately 7.0 X 3.0 mm was obtained and sutured 
at the same position in the treated eye with 
interrupted 10-0 nylon sutures. These grafts 
consisted of approximately 1.0 mm of clear 
cornea, the corneoscleral limbus, and 2.0 mm of 
conjunctiva. The underlying Tenon’s capsule 
was not disturbed. Postoperatively the patient 
did well. In the second week the inferior limbal 
graft sloughed. The cornea completely re-epi- 
thelialized in less than four weeks, and visual 
acuity returned to 20/25 and has remained at 
that level (Fig. 2). 


Case 2 

A 66-year-old man had an intraocular foreign 
body in the right eye in 1955, and visual acuity 
decreased to light perception. The patient not- 
ed a red left eye for approximately three months 
before our examination. A corneal specialist 
noted a left circumlimbal mass and referred the 
patient to us for treatment of a squamous cell 
carcinoma in the only functional eye. 

On examination visual acuity was R.E.: light 
perception and L.E.: 20/20. Slit-lamp biomi- 
croscopy of the left eye showed abnormal cir- 
cumferential limbal vessels, and an atypical, 
slightly elevated, gray epithelial infiltrate that 


involved almost the entire corneoscleral limbus 
and more than 70% of the corneal surface. 

The tumor was resected with frozen margin 
control of the distal bulbar conjunctival edges. 
The portion on the cornea was removed en bloc 
at the level of Bowman’s membrane. The corne- 
al dissection was accomplished by covering the 
cornea with a piece of gel foam soaked in 4% 
cocaine, and the tumor was scraped off with a 
blade. Histologically, the tumor was a squa- 
mous cell carcinoma. The conjunctiva and cor- 
nea were treated with double freeze-thaw cryo- 
therapy. Two autologous limbal grafts, each 
approximately 7.0 xX 3.0 mm in diameter, were 
obtained from the contralateral eye and trans- 
planted as described in Case 1. On the third 
postoperative day, epithelial migration from 
the autologous limbal transplant started to cov- 
er the corneal surface. Postoperatively the pa- 
tient did well, and visual acuity was 20/25 
three months after the operation. 





Discussion 





Treatment of most conjunctival squamous 
carcinomas is relatively uncomplicated. Usual- 
ly localized conjunctival epibulbar neoplasms 
occur at the corneoscleral limbus and do not 
invade the deep stroma, anterior chamber, or 
metastasize.” If the entire lesion is resected 
and both the edges and base of the resection are 
treated with adjunctive cryotherapy, more than 
90% long-term tumor control is achieved.*!)\” 
Peksayar, Soytürk, and Demiryont’ noted that 





Fig. 1 (Copeland and Char). Irregular scarred cor- 
nea with visual acuity of counting fingers 15 months 
after tumor resection and cryotherapy. 
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Fig. 2 (Copeland and Char). The same patient 
shown in Figure 1 after treatment with autologous 
limbal graft. Visual acuity improved to 20/25. Pupil 
distortion is secondary to peripheral cryotherapy. 


only two of 22 patients (9%) followed up for at 
least five years after surgery and cryotherapy 
developed tumor recurrence. Similarly, with 
shorter follow-up, Divine and Anderson” and 
Fraunfelder and Wingfield” noted between 8% 
and 11% recurrence. In our experience less 
than 5% of localized bulbar conjunctival carci- 
nomas have recurred after complete resection 
and cryotherapy in patients followed up for 
more than two years.’ 

In our experience less than 10% of squamous 
cell carcinomas involve more than 50% of the 
cornea. Most patients with limited tumors do 
well with good visual outcome. We have noted 
previously that surgery, adjunctive cryothera- 
py, and reconstruction with either autologous 
conjunctiva or buccal mucous membrane trans- 
plantation did not result in adequate corneal 
function. In these rare cases in which more than 
50% of the cornea was involved, eyes 
developed persistent corneal inflammation, in- 
trastromal neovascularization, and poor vision. 

Visual acuity was restored in our two patients 
after tumor resections and reconstructions 
using modified limbal transplantation tech- 
niques.’ This procedure was performed in one 
patient several months after tumor resection 
with good outcome. The other patient had an 
autologous limbal transplant at the time of 
tumor resection and cryosurgery. 

A number of investigators have studied cor- 
neal re-epithelialization after the pioneering 
work of Thoft® and Ebato, Friend, and Thoft.* 
The exact nature of the cells necessary to re- 
establish normal corneal function is uncertain.’ 
In nonvascularized animal models, conjuncti- 


val epithelial cells underwent sufficient mor- 
phologic changes to produce clear corneas, and 
this process has been termed conjunctival 
transdifferentiation. In vascularized corneal 
models, conjunctival transdifferentiation was 
inhibited. Tsai, Sun, and Tseng” noted in a 
rabbit model of corneal damage that limbal 
transplantation was significantly more effective 
than transplanted conjunctiva to prevent corne- 
al neovascularization. Kenyon and Tseng’ re- 
ported the use of limbal autografts in 26 pa- 
tients with acute or chronic nonneoplastic 
corneal injury.” Improvement was noted in 20 
of 21 patients followed up for more than six 
months. In addition to chemical burns, thermal 
surgery, contact lens keratopathy, recurrent 
pterygium, persistent epithelial defects, and 
chronic postoperative inflammation, our cases 
demonstrate the utility of this approach in the 
management of extensive squamous cell carci- 
noma of the conjunctiva and cornea. 
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OPHTHALMIC MINIATURE 


“What color are my eyes?” 
“What?” 


"No, don’t look at me. Now, tell me, what color are my eyes? Yours are 
brown with speckles of green; what about mine?” 

“Blue. . . bluish. Or a kind of gray, really .. .’’ Marie stopped. ‘I’m not 
really sure. I suppose that’s dreadful of me.” 

“It's perfectly natural. Basically they're hazel, but not all the time. Even 
I’ve noticed it. When I wear a blue shirt or tie, they become bluer; a brown 
coat or jacket, they’re gray. When I’m naked, they’re strangely nonde- 


script.” 


Robert Ludlum, The Bourne Identity 


New York, Richard Marek Publishers, 1980, p. 203 





Response of Bitot’s Spots in Preschool Children to Vitamin 


A Treatment 





Richard D. Semba, M.D., Sopandi Wirasasmita, M.D., Gantira Natadisastra, M.D., 
Muhilal, Ph.D., and Alfred Sommer, M.D. 


In a double-masked, placebo-controlled, 
clinical trial in Indonesia, 88 preschool chil- 
dren between the ages of 36 and 72 months 
with Bitot’s spots were randomly assigned to 
200,000 IU of oral vitamin A or placebo and 
followed up for five weeks. Baseline and fol- 
low-up serum vitamin A levels were obtained. 
Of the 45 children receiving vitamin A, 33 
(73.3%) showed complete cure and disappear- 
ance of Bitot’s spots, six (13.3%) had disap- 
pearance of some but not all Bitot’s spots, and 
six (13.3%) were unresponsive to treatment. 
The nonresponsive children were older, all 
male, and had higher initial mean serum vita- 
min A levels, 23.0 mg/dl, compared to 15.9 
g/dl in the cured group (P = .017). These data 
suggest that normal vitamin A status may be 
found in approximately 13% of children with 
Bitot’s spots before vitamin A intervention 
and that one fourth of those who had Bitot’s 
spots originally will not be cured of all Bitot’s 
spots after intervention. These are important 
factors to consider when using Bitot’s spots in 
prevalence surveys as a clinical sign of vita- 
min A deficiency. 


Biror’s spots are associated with vitamin A 
deficiency and are commonly used to assess the 
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prevalence of mild xerophthalmia in communi- 
ty surveys.” The reliability of Bitot’s spots to 
indicate vitamin A deficiency has been ques- 
tioned, mostly because of observations that 
Bitot’s spots may not respond to treatment with 
vitamin A in some individuals,"* and Bitot’s 
spots may be found in individuals who do not 
have vitamin A deficiency.” 

Bitot’s spots may be present in patients with 
active vitamin A deficiency or may represent 
the sequelae of chronic xerophthalmia in the 
past.” Bitot’s spots that are responsive or non- 
responsive to vitamin A treatment are clinically 
indistinguishable.” When screening pediatric 
populations for mild vitamin A deficiency by 
using the prevalence of Bitot’s spots as a criteri- 
on, it is important to determine the proportion 
of those with Bitot’s spots who actually repre- 
sent active vitamin A deficiency. Since the 
prevalence of Bitot’s spots is used in some 
studies to assess the efficacy of vitamin A inter- 
vention, the rate of response or nonresponse of 
Bitot’s spots after vitamin A therapy should 
also be determined. 





Patients and Methods 





From June through September 1988 a com- 
munity screening for preschool children with 
nightblindness, Bitot’s spots, or both, was car- 
ried out by eight ophthalmic nurses in Ciperay 
and Madjalaya, two rice farming communities 
in West Java, Indonesia. Approximately 11,000 
preschool children were screened in a door-to- 
door survey. One hundred eighteen children 
between the ages of 36 and 72 months of age 
who had mild xerophthalmia (nightblindness, 
Bitot’s spots, or both) were enrolled in the 
study, which was performed at the outpatient 
clinic of Cicendo Eye Hospital, Bandung, Indo- 
nesia. Children were age- and sex-matched and 
randomly assigned to receive either 200,000 IU 
of oral vitamin A or placebo. Excluding the 
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children who had nightblindness only there 
were 88 children in the study with Bitot’s spots, 
and, of these, 45 children received vitamin A 
and 43 children received placebo. 

After informed consent was obtained from 
the parent or guardian, an ophthalmic history 
was taken and examination was performed by 
one of us (S.W.). The eyes were examined with 
loupes and handlight, and the location and the 
presence or absence of Bitot’s spots were re- 
corded. Conjunctival xerosis was considered to 
be an unreliable sign of vitamin A deficiency 
and was not recorded. Any children with corne- 
al xerosis or more severe xerophthalmia were 
treated immediately and excluded from the 
study. In assessing the clinical outcome of Bi- 
tot’s spots after therapy, cured was defined as 
the disappearance of all Bitot’s spots, improved 
as the disappearance of some but not all Bitot’s 
spots that were present initially, and unrespon- 
sive as no change in the number of Bitot’s spots. 
Detailed anthropometry, a complete pediatric 
history and physical examination, and conjunc- 
tival impression cytology were carried out. Five 
milliliters of venous blood was obtained and 
centrifuged, and serum was stored promptly at 
—20 C. Serum vitamin A levels were deter- 
mined by high performance liquid chromatog- 
raphy.” Serum prealbumin levels were deter- 
mined by radioimmunodiffusion assay.” 

After blood samples were taken, children 
were randomly assigned to either vitamin A or 
placebo. Vitamin A and placebo solutions were 
provided in two specially coded containers 
(Hoffmann La Roche Laboratories, Basel, 
Switzerland), and the identity of the solutions 
was known only to the manufacturer. The two 
solutions appeared to be identical in color, 
taste, smell, and consistency and were labeled 
“No. 1” and “No. 2.” Two simple laboratory 
pipettes, or vitamin A pumps (Hoffmann La 
Roche Laboratories) were used to administer 
the solutions.” An ophthalmic nurse adminis- 
tered the vitamin A and placebo solutions in 
the outpatient clinic. After receiving a dose, all 
children drank a small cup of fruit juice. Only 
the ophthalmic nurse who administered the 
solutions and the project director (R.D.S.) were 
aware of the treatment assignment to “No. 1” 
or “No. 2,” and they did not participate in the 
ocular examinations. The entire project team 
was not aware of who received vitamin A or 
placebo, and the code was broken after the 
conclusion of the study. 

The ophthalmic and pediatric histories and 
examinations were repeated at two weeks and 
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five weeks after the initial visit. Venous blood 
samples were obtained at five weeks for follow- 
up serum vitamin A and prealbumin levels. All 
children received high-dose vitamin A at the 
end of the five-week study, and all children 
were carefully monitored by a pediatrician 
throughout the study. The follow-up rate was 
97.7%. All study procedures were approved by 
the Office of Research and Development, Minis- 
try of Health, Indonesia, the Indonesian Nutri- 
tion and Research Development Centre, the 
Cicendo Eye Hospital, and the Joint Committee 
on Clinical Investigation of Johns Hopkins Uni- 
versity School of Medicine. 

The same ophthalmologist (S.W.) and pedia- 
trician examined the children on all visits. The 
Student’s t-test and multiple linear regression 
analysis were used in the statistical analysis. 


Results 


Eighty-eight children with Bitot’s spots were 
studied (Table 1). At baseline there were no 
significant differences between the vitamin A- 
and placebo-treated groups in mean age, sex, 
serum vitamin A levels, serum prealbumin, and 
weight for height (National Center for Health 
Statistics standard). Bitot’s spots were more 
common in males than females, and males 
accounted for 72.7% of those with Bitot’s spots 
from the community-wide screening. 

In the 45 children who were treated with 
vitamin A, all the Bitot’s spots that were pres- 
ent initially disappeared by five weeks in 33 
children (73.3%). Some but not all of the Bitot’s 
spots disappeared in six children (13.3%). 
There were six children (13.3%) who received 


TABLE 1 
CHARACTERISTICS OF TREATMENT GROUPS AT 
BASELINE 
VITAMIN A- PLACEBO- 
TREATED GROUP TREATED GROUP 

No. of patients 45 43 
Sex 33 male 31 male 

12 female 12 female 
Mean age (mos) 60.8 + 11.1 57.8 + 12.2 
Serum vitamin A (g/dl) 16.8 + 6.9 16.2 + 7.1 
Prealbumin (mg/dl) 14.0 + 2.9 13:2 + $6 
Weight for height 95.3 + 6.6 96.0 + 9.3 


(NCHS criteria)* 


*NCHS=National Center for Health Statistics. 
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TABLE 2 
CLINICAL OUTCOME AND SERUM VITAMIN A LEVELS* 


SERUM VITAMIN A (G/DL) 


TREATMENT AND NO. OF 
OUTCOME CHILDREN BASELINE FOLLOW-UP 
Vitamin A 
Cured 33 15.9 = 7.0 45.9 + 14.2 
Improved 6 14.8 + 6.0 46.3 + 23.5 
Unresponsive 6 23.0 + 4.1 46.9 + 16.9 
Placebo 
Cured 1 7.8 14.3 
Improved 2 14.3 + 4.5 15.9 + 7.1 
Unresponsive 36 16.9 + 7.1 19.6 + 6.9 
Worsened 2 9.5 +58 17.1 £656 


*Baseline serum vitamin A levels in vitamin A-treated groups 
were higher in the unresponsive group than the improved (P = 
.039) or cured (P = .017) groups by Student's t-test. 


vitamin A but showed no change in the number 
of Bitot’s spots. In the 43 children who received 
placebo, one child had spontaneous improve- 
ment with disappearance of all Bitot’s spots, 
two showed disappearance of some of their 
Bitot’s spots, and 31 children were unrespon- 
sive. Two children showed an increase in the 
number of Bitot’s spots (worsened), and two 
children were lost to follow-up. 

Serum vitamin A levels were available at 
baseline and at five weeks of follow-up for 86 
children (Table 2). In the vitamin A-treated 
group, mean serum vitamin A levels at baseline 
were higher in the group with unresponsive 
Bitot’s spots than in the cured group (P = .017) 
or the improved group (P = .039). After vitamin 
A treatment, mean serum vitamin A levels in- 
creased to 46 to 47 mg/dl on follow-up and 
were approximately equivalent in the cured, 
improved, and unresponsive groups. In the 
placebo-treated children, the mean serum vita- 
min A levels increased somewhat in all four 


TABLE 4 
INITIAL NUMBER OF BITOT’S SPOTS AND OUTCOME 
IN VITAMIN A-TREATED CHILDREN 


PERCENTAGE OF CHILDREN CURED 


NO. OF BITOT'S NO. OF 
SPOTS CHILDREN TWO WKS FIVE WKS 
1 14 78.6% 85.7% 
2 19 47.4% 63.2% 
3 3 66.7% 100.0% 
4 9 33.3% 55.5% 


TABLE 3 
CLINICAL OUTCOME AFTER VITAMIN A TREATMENT* 


OUTCOME NO. BOYS GIRLS MEAN AGE (mos) 
Cured 33 23 10 61.1 + 11.3 
Improved 6 4 2 53.5 + 10.7 
Unresponsive 6 6 0 67.2 + 5.7 


*Mean age of unresponsive group was higher than cured plus 
improved group, P < .05 by Student's t-test. 


outcome groups; however, mean serum vitamin 
A levels at follow-up were all below 20 pg/dl, 
which indicated a vitamin A-deficient state. 

When grouped by clinical outcome, girls 
comprised 30.3% of the cured group and 33.3% 
of the improved group (Table 3). The unrespon- 
sive group consisted solely of boys. The mean 
age of the unresponsive group was higher than 
both the cured group and the improved group 
(P < .05). 

In the children who were treated with vita- 
min A, 26 (57.8%) were cured by two weeks, 
and 33 (73.3%) were cured by five weeks. Eight- 
een children initially had bilateral temporal 
Bitot’s spots, and 14 had a unilateral temporal 
Bitot’s spot. Nine children had Bitot’s spots on 
the nasal and temporal conjunctiva of both 
eyes, and after vitamin A treatment the nasal 
Bitot’s spots disappeared first and were not 
present by the five-week follow-up. Of the 
three most common manifestations of Bitot’s 
spots, the cure rates at five-week follow-up 
were 85.7% in children with one Bitot’s spot, 
63.2% in children with two Bitot’s spots, 
and 55.5% in children with four Bitot’s spots 
(Table 4). 

Mean serum vitamin A levels and the number 
of Bitot’s spots at baseline were compared (Ta- 
ble 5). Children with one and two Bitot’s spots 


TABLE 5 
NUMBER OF BITOT’S SPOTS AND SERUM VITAMIN A 
LEVELS AT BASELINE* 





NO. OF BITOT’S 
SPOTS NO. OF CHILDREN MEAN SERUM VITAMIN A (uG/0L) 
1 19 17.12.53 
2 47 17.7 £7.38 
3 10 14.7 + 8.4 
4 12 12.8 + 5.8 





*Increasing number of Bitot’s spots associated with decreas- 
ing mean serum vitamin A levels, P = .036, by multiple linear 
regression. 


Vol. 110, No. 4 


Vitamin A Treatment of Bitot’s Spots 419 


——— eee 


had mean serum vitamin A levels of 17.1 and 
17.7 wg/dl, respectively. Mean serum vitamin 
A level in children with three Bitot’s spots was 
14.7 wg/dl, and in children with four Bitot’s 
spots it was 12.8 pg/ml. The number of Bitot’s 
spots correlated inversely with mean serum 
vitamin A levels by multiple linear regression 
analysis (P = .036). 





Discussion 





Vitamin A deficiency among preschool chil- 
dren is associated with blindness and appears 
to be associated with increased morbidity and 
mortality in developing countries.’*'* The pres- 
ence or absence of Bitot’s spots has been used 
as a clinical sign to assess the prevalence of 
vitamin A deficiency among preschool chil- 
dren, both before and after vitamin A interven- 
tion programs.” Our study demonstrates 
that a significant proportion of preschool chil- 
dren with Bitot’s spots may have normal vita- 
min A status, and after administration of 
200,000 IU of oral vitamin A, the standard dose 
used in most intervention programs, Bitot’s 
spots may still persist in about a quarter of 
those children. Thus, in the assessment of prev- 
alence of vitamin A deficiency or the efficacy of 
vitamin A intervention, these factors need to be 
taken into account and may have caused confu- 
sion in the past.” 

Serum vitamin A levels in this study demon- 
strate that the persistence of Bitot’s spots after 
vitamin A treatment was not caused by poor 
absorption of the vitamin A dose, because these 
children had high mean follow-up serum vita- 
min A levels. Five weeks was considered to be 
an adequate follow-up period for monitoring 
the response of Bitot’s spots. In a separate study 
from the same community, nearly all the chil- 
dren who showed improvement did so within 
the first week after vitamin A treatment, and 
96% improved within the first 31 days.” 

In our study, the presence or absence of 
Bitot’s spots and serum vitamin A levels were 
obtained at baseline and follow-up in a con- 
trolled study of 86 preschool children. Al- 
though largely confirmatory, our study sup- 
ports conclusions from the study of Sommer, 
Emran, and Tjakrasudjatma," in which initial 
serum vitamin A levels were obtained in an 
uncontrolled study of 35 children with Bitot’s 
spots. Bitot’s spots that were unresponsive to 
vitamin A treatment were present in older chil- 


dren who had normal vitamin A levels, which 
supports the idea that unresponsive Bitot’s 
spots are indicative of chronic vitamin A defi- 
ciency in the past.''*! Unresponsive Bitot’s 
spots may be caused by irreversible squamous 
metaplasia. Additional evidence includes the 
observation that once an unresponsive Bitot’s 
spot is excised, it never recurs” and that period- 
ic massive doses of vitamin A in preschool 
children eliminated the formation of new, unre- 
sponsive Bitot’s spots.” The period of time 
before the conjunctival lesion becomes unre- 
sponsive to vitamin A treatment is undeter- 
mined. 

Our study demonstrates that as the number of 
Bitot’s spots increases, in general the mean 
serum vitamin A levels decrease. The number 
of Bitot’s spots appears to reflect the severity of 
vitamin A deficiency. Children with one or two 
Bitot’s spots had nearly equivalent mean serum 
vitamin A levels, but a decrease in mean serum 
vitamin A levels was seen in those who had 
more than two Bitot’s spots. Additionally, the 
cure rate after vitamin A treatment appears to 
be related to the number of Bitot’s spots, and 
perhaps it is not surprising that those with tour 
Bitot’s spots, who had the lowest serum vitamin 
A levels and may have been deficient the long- 
est, also had the lowest cure rate. For reasons as 
yet unexplained, Bitot’s spots appear to be 
more common in males, as seen in our study 
and other studies,*"’”' and the group of children 
with unresponsive Bitot’s spots was entirely 
male. 

The placebo-treated group, besides providing 
an appropriate control, confirms some assump- 
tions about vitamin A deficiency in preschool 
children. Within the five-week study interval, 
spontaneous cure, improvement, and worsen- 
ing were seen, although most children showed 
no change in the number of Bitot’s spots. These 
short-term fluctuations in clinical manifesta- 
tion support the idea that children may wax and 
wane in and out of a vitamin A—deficient state.” 

Because of changing socioeconomic stan- 
dards, community development, and nutrition 
intervention programs, it would be expeeted 
that the prevalence rate of Bitot’s spots may 
change over time, and the proportion of unre- 
sponsive Bitot’s spots may change as well. The 
proportion of preschool children with Bitot’s 
spots and normal vitamin A levels and the 
proportion of preschool children with Bitot’s 
spots persisting after treatment in our study 
may provide a rough estimate for studies and 
interventions performed in other communities. 
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OPHTHALMIC MINIATURE 
Just as the newsman was leaving the store, the eyes that had been 
haunting his thoughts all evening materialized in front of him. The 
blue-white porcelain complexion was wet with snow, and the lashes were 
spangled with snowflakes. The girl stared and said nothing. 
Lilian Jackson Braun, The Cat Who Turned On and Off 


New York, Jove Books, 1968, p. 48 





Facial Nerve Injury and Hemifacial Spasm 





Bartley R. Frueh, M.D., Rebecca A. Preston, M.D., and David C. Musch, Ph.D. 


We studied evidence of facial nerve damage 
in patients with hemifacial spasm. Three 
types of evidence of nerve damage were ana- 
lyzed: objectively measured weakness in eye- 
lid protractor strength, clinically evident 
weakness of muscles innervated by the sev- 
enth nerve, and clinically evident aberrant 
seventh nerve regeneration. Of the 60 patients 
in the study, 54 (90%) had at least one of these 
features of seventh nerve damage. Objectively 
measured eyelid protractor weakness was not- 
ed in 27 of 58 patients (47%) who were tested. 
Clinically apparent weakness of at least one of 
four facial muscle groups was noted in 42 of 60 
patients (70%). Aberrant seventh nerve regen- 
eration was documented in 25 of 60 patients 
(42%). These findings indicate that facial 
nerve damage is common in patients with 
hemifacial spasm. 


Hemiraciat srasm is characterized by intermit- 
tent asynchronous contractions of one side of 
the face. The severity of the contractions varies 
from mild twitches to grossly disfiguring 
spasms. The most common cause of this prob- 
lem is compression of the facial nerve by adja- 
cent normal blood vessels at the root entry 
zone.’ Two hypotheses have been posited re- 
garding the mechanism by which the nerve 
damage yields the signs and symptoms of hemi- 
facial spasm. The central hypothesis suggests 
that the facial nerve injury causes a reorganiza- 
tion within the facial nucleus that results in 
hyperexcitability of all the branches of the 
nerve.*® The peripheral hypothesis attributes 
the hemifacial spasm to excitation between ec- 
topic and abnormal fibers at the site of seventh 
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nerve compression.” At least one study sug- 
gests that the source of the abnormality is a 
combination of these two mechanisms.” 

The condition has been successfully treated 
with neurosurgical decompression of the facia] 
nerve and palliated with differential sectioning 
of the seventh nerve, eyelid protractor excision, 
and botulinum toxin injections.” 

During the course of treating patients with 
hemifacial spasm over a 19-year period, one of 
us (B.R.F.) formed a clinical impression that 
many of these patients showed signs of facial 
nerve injury. Jannetta and associates’ reported 
that a high percentage of patients with hemi- 
facial spasm show evidence of an aberrant ar- 
tery applying pressure on the intracranial por- 
tion of the facial nerve. If spasm can develop 
secondary to this pressure, facial nerve damage 
might also result from this chronic pressure. 

We evaluated the status of the seventh nerve 
in patients with hemifacial spasm. We hypothe- 
sized that there would be evidence of ipsilateral 
damage to some or all branches of the facia! 
nerve in most patients with hemifacial spasm. 


Patients and Methods 


The records of 67 patients with hemifacial 
spasm examined by one of us (B.R.F.) at our 
institution since 1981 were reviewed. We fo- 
cused on three manifestations of facial nerve 
function. 

First, we looked for the initial observation of 
the function of the muscles innervated by the 
facial nerve (frontalis muscle, orbicularis oculi 
muscle, lip levator muscle, and orbicularis oris 
muscle). The relative effect of contractions of 
these muscles on each side of the face was 
noted. 

Second, we looked for signs of aberrant sev- 
enth nerve regeneration, which develops when 
regrowth of a damaged proximal seventh nerve 
bundle occurs and not all axons are specifically 
directed toward their original target muscles. 
Some go randomly to other muscles innervated 
by the seventh nerve. As a result, when the 
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patient attempted to contract one facial muscle, 
multiple muscles had some response. For exam- 
ple, there may be simultaneous movement of 
the orbicularis oris muscles upon volitional 
forced closure of the eyelids. These signs, if 
noted, were recorded in the chart description of 
the patient’s spasm. 

Third, the posterior vector of the force gener- 
ated by the eyelid protractors was measured by 
ophthalmic technicians with a device previous- 
ly described." The maximal force exerted on the 
anterior surface of a contact lens by the pa- 
tient’s eyelids on volitional forced closure was 
measured and recorded before any treatment. 

Because most of these patients received botu- 
linum toxin therapy for their hemifacial spasm, 
the data on eyelid force generation and muscle 
strength comparisons were obtained from the 
examination immediately before the injections. 
Botulinum toxin treatment paralyzes muscles 
by blocking the nerve at the motor end plate 
and, therefore, masks the natural status of the 
muscles. Evidence of aberrant nerve regenera- 
tion at any time (before or after botulinum toxin 
injection) was considered significant, since bot- 
ulinum toxin usage does not cause aberrant 
regeneration. 


Results 


Of the 67 patients whose records were re- 
viewed, 35 (52%) were women and 32 (48%) 
were men. The mean age was 59 years (range, 
20 to 83 years). Location of hemifacial spasm 
was on the right side in 28 patients (42%) and 
on the left side in 39 (58%). The length of time 
the patients had had hemifacial spasm before 
the examination ranged from six to 384 months 
(mean, 76 months). Because of inadequate doc- 
umentation, seven of the earliest records were 
omitted from our analysis of facial nerve dys- 
function, which left a study group of 60 pa- 
tients. 

To identify abnormal differences in eyelid 
protractor force generation between affected 
and unaffected sides, we needed to know the 
amount of intereye variation in normal sub- 
jects. This variation was obtained from a previ- 
ous compilation of eyelid protractor force 
measurements performed on 70 normal sub- 
jects, in which the variation between the two 
eyes of an individual was less than 25 g, within 
a 95% confidence interval. Eyelid force meas- 
urements were performed on 58 (97%) of the 60 
patients in this study. The average difference 


between the two sides of this group was 27 g, 
with the involved side being weaker. The 
paired Student’s t-test showed this difference to 
be highly significant (P = .0002). Of the 58 
patients we tested, 27 (47%) had eyelid force 
generation on the affected side that was at least 
25 g weaker than the unaffected side. Twenty- 
six patients (45%) showed less than 25 g differ- 
ence between the affected and unaffected sides, 
and five patients (9%) had an eyelid force on 
the affected side that was at least 25 g stronger 
than the unaffected side. 

Of the 60 patients with muscle function docu- 
mentation, weakness in the muscles on the side 
of the hemifacial spasm was manifested in 46 
patients (77%) as follows: the frontalis muscle 
in 25 (42%), the orbicularis oculi muscle in 21 
(35%), the lip levator muscle in 45 (75%), and 
the orbicularis oris muscle in 26 (43%). Four- 
teen patients had no documentation of weak- 
ness in any muscle. 

Of the 60 patients examined clinically, 21 
(35%) showed weakness of the orbicularis oculi 
muscle; of these 21 patients, 14 (67%) also 
showed significantly decreased eyelid protrac- 
tor force measurements. Of the remaining 
seven patients, five had eyelid protractor force 
generation on the affected side that ranged 
from 19 to 24 g less than the normal side, and 
two patients showed differences of 2 g and 3 g. 

Evidence of aberrant regeneration of the sev- 
enth cranial nerve was documented in 25 pa- 
tients. If lack of documentation indicates ab- 
sence of the clinical sign, aberrant regeneration 
was present in 25 of 60 patients (42%). This 
finding was documented on the first or preinjec- 
tion visit for 23 of these patients. Aberrant 
regeneration was most commonly seen as co- 
contraction of the orbicularis oculi and orbicu- 
laris oris muscles. 

The number of manifestations of facial nerve 
damage (abnormal eyelid forces, muscle weak- 
ness, and aberrant regeneration) was deter- 
mined for each patient. Of 60 patients, all three 
findings were noted in eight patients (13%); 24 
patients (40%) had two findings; and 22 pa- 
tients (36%) had one finding. Thus 54 of 60 
patients (90%) had evidence of facial nerve 
damage, and six (10%) had no evidence of facial 
nerve dysfunction. Of the 24 patients with two 
manifestations of facial nerve damage, 17 
(71%) showed significantly reduced eyelid pro- 
tractor force generation and weakness of at 
least one muscle; six (25%) showed aberrant 
seventh nerve regeneration and weakness of at 
least one muscle; and only one (4%) showed 
significantly reduced eyelid protractor force 
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generation in addition to aberrant regenera- 
tion. Of the 22 patients with one manifestation, 
three (14%) showed only significantly reduced 
eyelid protractor force generation, 15 (68%) 
showed only weakness of at least one muscle, 
and four (18%) showed only aberrant regenera- 
tion. 


Discussion 


Being a retrospective study, this work does 
not include or compare all possible methods for 
evaluating seventh nerve function. In particu- 
lar, electromyography was not performed on 
any patients. We evaluated three indicators of 
seventh nerve dysfunction: facial muscle weak- 
ness, decreased eyelid force, and aberrant sev- 
enth nerve regeneration. The availability of a 
device to record the eyelid protractor force 
generation offered a means to quantitate a func- 
tion that could be affected by facial nerve dam- 
age. This device has been used extensively at 
our institution since 1983 to evaluate eyelid 
protractor function in numerous conditions, 
including seventh nerve palsies, essential 
blepharospasm, hemifacial spasm, myopathies, 
Graves’ ophthalmopathy, and blepharoptosis. 
A comparison of eyelid protractor force genera- 
tion in normal subjects and patients with 
Graves’ ophthalmopathy has been reported.‘ 
These measurements are objective, since they 
were performed by an ophthalmic technician 
who had no bias regarding the outcome of the 
testing. The correlation between the clinical 
evaluation of the strength of the orbicularis 
oculi muscles and the objective measurement of 
eyelid protractor force generation emphasizes 
the value of eyelid force testing. 

A damaged facial nerve may regenerate re- 
sulting in a mass action effect involving all of 
the muscles it innervates, thus yielding the 
signs of aberrant regeneration.” This is a phe- 
nomenon that may go undetected unless other 
facial muscles are observed deliberately as the 
patient attempts to use a single muscle. We 
suspect that the frequency of aberrant regener- 
ation is underestimated in our study, since it 
was not specifically mentioned as being present 
or absent in many patients, particularly for 
those seen before 1984. 

There is no evidence that botulinum toxin 
causes aberrant regeneration nor is it theoreti- 
cally likely. The signs of aberrant regeneration 
were noted on the first visit in 23 of the 25 


patients who had aberrant regeneration, and 
this dispels any suspicions of botulinum toxin- 
related effects in our study. 

Chronic pressure on the seventh nerve pro- 
duced by an adjacent pulsating artery, the most 
common cause of hemifacial spasm, might rea- 
sonably be expected to damage the nerve as 
well as stimulate its firing. Seventh nerve dam- 
age is common in hemifacial spasm, which 
substantiated our hypothesis that there would 
be evidence of ipsilateral damage to some or all 
branches of the facial nerve in most patients 
with hemifacial spasm. 
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EDITORIALS 


Multifocal Intraocular Lenses— Better or Worse? 


Herbert E. Kaufman 


The advent of bifocal and multifocal intraoc- 
ular lenses suggests the possibility that cataract 
surgery could allow patients to see clearly for 
distance and near with no spectacle correction. 
If this could be done without penalty, it would 
offer a real advantage. At this time, however, it 
is not clear that this promise can be fulfilled. 
Nor is it clear that these lenses are the best 
means to achieve this goal. 

The literature on multifocal intraocular lens- 
es is either confusing or misleading. Most of the 
published studies describe patients who are 
given a distance correction and then have near 
vision and other visual functions tested with 
the spectacle correction in place. 

By the time they are ready for cataract extrac- 
tion, my patients have adjusted to wearing 
bifocals. They would be delighted to do without 
spectacles altogether after surgery, but if they 
need an overcorrection for distance, they per- 
ceive no real disadvantage in having the bifocal 
added to the spectacle lens. Therefore, I think 
that the use of bifocal and multifocal lenses 
requires that there be no need for distance 
correction after cataract surgery. This means 
that the calculation of intraocular lens power, 
which is based on ultrasonography, keratome- 
try, and A constant, must be accurate to within 
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approximately 0.5 diopter. Additionally, the 
amount of astigmatism after cataract surgery 
must be approximately 0.5 diopter, and must 
not change with time. Although I can “leap tall 
buildings with a single bound,” I cannot, in 
good conscience, promise my patients with cat- 
aracts that I can deliver on these conditions, 
and I cannot convince myself that the patients 
are better off with multifocal intraocular lenses 
if they have to wear spectacles anyway to see at 
a distance. 

Even if spectacle-free distance correction 
cannot be promised in all cases, perhaps it can 
be achieved in a large percentage of our pa- 
tients. If so, why not use these lenses anyway? 
The reason is that the potential advantages also 
have drawbacks. In a series of patients with 
multifocal or bifocal lenses described by Perci- 
val,’ vision in dim light was sometimes poor 
and near vision was not as clear as it could be 
with monofocal intraocular lenses and the 
proper spectacle correction. Both Holladay and 
associates” and Zisser and Guyton’ have shown 
that contrast sensitivity is decreased with mul- 
tifocal and bifocal lenses and, consequently, 
the sharpness of any image and the clarity of 
colors are diminished as well. 

From the published reports, it is clear that 


a 


Vol. 110, No. 4 


these bifocal and multifocal lenses provide one 
image in sharp focus at a point on the macula, 
surrounded by a blur circle from the other 
image that, although out of focus, still presents 
a semifocused area of light. A number of sur- 
geons have commented that their patients no- 
tice this halo of light; some of these patients 
found it so disturbing that they requested the 
removal of the intraocular lens. 

One additional drawback, although rarely 
discussed, is the lack of variety in design and 
the cost of these lenses. Bifocal and multifocal 
lenses are available only with certain types of 
haptics, in certain diameters, and are expen- 
sive, compared to the breadth of types and low 
cost of monofocal implants. 

Perhaps there are other, safer ways to obtain 
the potential benefits of freedom from specta- 
cles without some of these drawbacks. One 
possibility was advocated by Huber’; he sug- 
gested using a plus cylinder at 90 degrees, 
which would blur images a little both at dis- 
tance and at near but would also provide a 
greater depth of focus. I have no experience 
with this technique. Another possibility was 
described by Boerner and Thrasher,’ who used 
a monofocal intraocular lens focused for dis- 
tance in one eye and a lens focused for near in 
the other. For years, contact lens fitters have 
avoided the use of bifocals in their patients by 
correcting the dominant eye for distance and 
the nondominant eye for near. Some patients 
adapt well to this type of monovision, that is, 
monofocal vision with different near points, 
and some do not. There are also bifocal contact 
lenses that mimic the optics of the intraocular 
lenses now being studied. Some patients can 
select the desired image and love it, whereas 
others clearly hate it even though the lenses are 
well tolerated and there is no optical problem at 
distance. These kinds of adaptation problems 
are seen with bifocal and multifocal contact 
lenses, as well as with the bifocal and multifo- 
cal intraocular lenses. 

Is there a solution for a dilemma like this? It 
should be noted at the outset that being free of 
spectacles after cataract surgery is not the most 
important thing in the world. That noted, I also 
believe it would be nice if some significant 
number of patients with cataracts could really 
do without spectacles after surgery. It makes 
the most sense to me to correct one eye for 
distance (generally the dominant) and one eye 
for near. If the spherical equivalent and astig- 
matism are within the required limits, and the 
patient adjusts nicely to the mental juggling 
and is pleased with the result, the day has been 
won. If, however, the postoperative optics are 
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not absolutely perfect in terms of spherical 
correction or astigmatic correction, or if the 
patient does not adjust easily to the fixation 
disparity, we can almost certainly remedy the 
problem with ordinary spectacles that balance 
the discrepancy between the eyes and provide 
the bifocal in the lens. This leaves the patient 
with the option of wearing the spectacles or 
not. 

In contrast, with the more expensive and 
limited multifocal implants, there is no easy 
way to correct the problems of a patient for 
whom the blur circle and haloes of light are 
troublesome and for whom the decrease in 
contrast sensitivity and subsequent degrada- 
tion of the image are noticeable. In this case, 
some disability has been created for the rest of 
the patient’s life. 

Only time and additional well-controlled 
studies will determine whether multifocal im- 
plants have any benefit, compared to the less 
expensive monofocal implants that are now 
used. For the present time, however, the draw- 
backs—greater cost, the optical disability some 
patients have that can be permanent, and our 
difficulty in guaranteeing optically perfect sur- 
gery without spherical or astigmatic error—are 
such that much more evidence of the superiori- 
ty of these lenses should be gathered before 
they are accepted for widespread use. 


From the LSU Eye Center, Louisiana State University 
Medical Center School of Medicine, New Orleans, Loui- 
siana. This study was supported in part by U.S. Public 
Health Service grant EY02580 from the National Eye 
Institute. 

Reprint requests to Herbert E. Kaufman, M.D., LSU 
Eye Center, 2020 Gravier St., Suite B, New Orleans, LA 
70112. 
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National Registry of Drug-Induced Ocular Side Effects 


F. T. Fraunfelder 


Recently reports concerning the following 
have been published: topical ocular beta-block- 
ers that cause alopecia and madarosis’; nasal 
corticosteroid aerosols that cause posterior sub- 
capsular cataracts’; and oral amantadine that 
causes reversible corneal deposits.’ Additional- 
ly, a report is being prepared on methyl ethyl 
ketone peroxide that causes long-lasting kerati- 
tis. 

Human ocular toxicology data often are diffi- 
cult to obtain, in large part because of lack of 
funding for clinical and statistical data, legal 
problems with rechallenging the patient (re- 
peating drug exposure), and a comparatively 
small market base to support such studies. For 
example, to substantiate a major hemopoietic 
adverse reaction from topical ocular chloram- 
phenicol, which may occur once in every 40,000 
cases, would require studying 1.5 million 
cases.’ At chloramphenicol’s sales peak in the 
United States, approximately 1 million pre- 
scriptions were written.” The Food and Drug 
Administration, the National Institutes of 
Health, and industry are not interested in fund- 
ing this type of research. Basically, the scientif- 
ic ocular toxicology is done in animals, more 
than 90% of which is unpublished because of 
proprietary interests, and because it is often not 
applicable to humans. Thus, the backbone of 
clinical ocular toxicology is mainly the astute 
clinician who recognizes that the course of a 
disease is atypical, and suspects a drug-related 
incident. Seldom does a group of practitioners 
see the patient volume on a particular drug to 
make a correlation of a possible drug-related 
event. A national registry to gather and corre- 
late these data has been shown to be of value 
with the help of clinicians, such as Ken Rich- 
ardson, M.D., from Anchorage, Alaska, who 
was the first to report to the Registry three 
major adverse systemic effects secondary to 
topical ocular timolol. The first alopecia secon- 
dary to a topical ocular beta-blocker was 
reported by Sheryl Menacker, M.D., from 
Philadelphia, Pennsylvania. Over 70 communi- 
cations in peer review journals and 20 chapters 
have come from data in the Registry. 

To put into perspective the magnitude of the 
problem and the complexities involved with a 
possible drug-related event is highlighted by 


the example of salicylate. Between 10,000 and 
20,000 tons of aspirin are consumed orally in 
the United States annually, yet it took many 
decades before the discovery that only a single 
tablet will double the mean bleeding time of 
four to seven days.” How long did it take to 
recognize the adverse effects of topical ocular 
or oral corticosteroids that cause posterior sub- 
capsular cataracts, or the systemic effects sec- 
ondary to topical ocular 10% phenylephrine? In 
part, because of the Registry, adverse ocular 
effects of new and established drugs have been 
recognized earlier, and patients have been pro- 
tected. 

Currently, the Registry is following and 
would appreciate case reports on the following: 
carbonic anhydrase inhibitors and serious he- 
mopoietic incidents; oral sulfas and bilateral 
anterior uveitis; noncorticosteroid anti-inflam- 
matory agents and ocular side effects; and met- 
ronidazole and optic neuritis. 

How can the Registry help you? The Registry 
contains the world’s literature, the Food and 
Drug Administration’s reports on adverse ocu- 
lar effects, and data from 24 countries concern- 
ing drugs that have been reported to cause 
adverse ocular effects in humans. Most of the 
clinical cases have occurred since the Registry 
started in 1974, but the data on world literature 
go back to the earliest reports on each drug. 
This database is available as a service of the 
American Academy of Ophthalmology. Infor- 
mation may be obtained from the National 
Registry. Telephone us at the Oregon Health 
Sciences University, (503) 494-5686. 


Reprint requests to National Registry of Drug-Induced 
Ocular Side Effects, Department of Ophthalmology, 
Oregon Health Sciences University, 3181 S.W. Sam 
Jackson Park Rd., Portland, OR 97201-3098. 
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OPHTHALMIC MINIATURE 

But the artificial obvious is hard to see. My eyes account for less than one 

percent of the weight of my head; I’m bony and dense; I see what I expect. I 

once spent a full three minutes looking at a bullfrog that was so unexpect- 

edly large I couldn’t see it even though a dozen enthusiastic campers were 

shouting directions. Finally I asked, ‘‘What color am I looking for?” and a 

fellow said, “Green.” When at last I picked out the frog, I saw what painters 

are up against: the thing wasn’t green at all, but the color of wet hickory 
bark. 

Annie Dillard, Pilgrim at Tinker Creek 

New York, Bantam, 1974, p. 19 
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Nd:YAG Treatment of a Posterior 
Vitreous Cyst 


Alan J. Ruby, M.D., 

and Lee M. Jampol, M.D. 

Department of Ophthalmology, Northwestern Uni- 
versity Medical School. This study was supported in 


part by an unrestricted grant from Research to Pre- 
vent Blindness, Inc. 


Inquiries to Lee M. Jampol, M.D., Northwestern Univer- 
sity Medical School, 303 E. Chicago Ave., Chicago, IL 
60611. 

Posterior vitreous cysts have been reported in 
normal eyes’ and in eyes with ocular abnormal- 
ities.“ Many of these cysts do not require treat- 
ment because they are asymptomatic or cause 
minimal visual complaints. We treated a patient 
with a posterior vitreous cyst with the Nd:YAG 
laser. 

A 45-year-old man was referred to our insti- 
tution with a free-floating posterior vitreous 
cyst in the right eye. According to the patient, 
the cyst had been present for at least 30 years. 
He noted increasing grayness of the spot in his 
vision over the past few years, and the decreas- 
ing vision was interfering with his work. He 
denied any history of previous trauma or other 
ocular diseases. 

Physical examination disclosed best-correct- 
ed visual acuity of 20/20 in both eyes. Results 
of slit-lamp examination were normal in both 
eyes. Intraocular pressure was 17 mm Hg in 
each eye. Indirect ophthalmoscopic examina- 
tion showed a free floating, intravitreal cyst 
slightly inferior to the right macula (Fig. 1). The 
cyst was lightly pigmented and translucent. 
Ultrasound examination showed a hollow, 


echogenic cyst measuring 3.7 mm in thickness, 
which was approximately 3.0 mm from the 
retinal surface when the patient was in the 
supine position. The patient was given treat- 
ment options of no treatment or laser rupture of 
the cyst, and he opted for treatment. By using a 
Peyman 25-mm YAG lens and topical anesthe- 
sia and the Q-switched, fundamental mode 
Nd:YAG laser, 33 spots were applied to the 
surface of the cyst with an energy setting of 2.4 
to 3.2 mJ. Many of the cyst remnants settled 
inferiorly after the uncomplicated procedure. 
At one week of follow-up, the patient noted 
only a small, floating spot in his right eye. 
Examination showed a pigmented remnant of 
the cyst inferior to the right macula (Fig. 2). At 
the time of the last follow-up, ten weeks after 





Fig. 1 (Ruby and Jampol). A free floating, intravitre- 
al cyst is seen below the right macula before treat- 
ment. 
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Fig. 2 (Ruby and Jampol). A pigmented remnant of 
the cyst remained after treatment. 


treatment, the patient was virtually asympto- 
matic and only a few pigmented bits of debris 
remained. There was no evidence of prolifera- 
tion of the pigmented cells. 

The management of posterior vitreous cysts 
may include observation or surgical interven- 
tion. Awan’ treated a cyst with the argon laser 
with good results. Orellana and associates’ re- 
ported electron microscopic examination of a 
vitreous cyst removed from a patient by uncom- 
plicated aspiration through the pars plana. 
Steinmetz, Straatsma, and Rubin’ described 
two patients who had long-term follow-up of 
asymptomatic posterior vitreous cysts. Neither 
patient showed any enlargement of the cyst, 
and neither patient underwent treatment. 

Most vitreous cysts can be observed and fol- 
lowed up without any intervention. If signifi- 
cant symptoms appear, they can be treated with 
Nd:YAG laser therapy of the cyst. 
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Argon Laser Photocoagulation for 
Advanced Retinopathy of 
Prematurity 


Maurice B. Landers III, M.D., 
H. Christopher Semple, M.D., 
James B. Ruben, M.D., 

and Christian Serdahl, M.D. 


Department of Ophthalmology, University of Cali- 
fornia, Davis. 


Inquiries to Maurice B. Landers III, M.D., Department 
of Ophthalmology, University of California, Davis, 
1603 Alhambra Blvd., Sacramento, CA 95816. 

Preliminary data from the national multicen- 
ter trial of cryotherapy for retinopathy of pre- 
maturity suggest that cryotherapy of eyes with 
advanced retinopathy of prematurity (defined 
as an intraretinal ridge of proliferative tissue 
with extraretinal fibrovascular proliferation, 
along with dilated and tortuous vessels in the 
posterior pole)’ reduces the risk of unfavorable 
outcome by 50%.” Despite this early success, 
several complications have been reported to be 
associated with this procedure, including rheg- 
matogenous retinal detachment’ and vitreous 
hemorrhage.” We treated an infant with bilater- 
al advanced retinopathy of prematurity who 
had an unfavorable outcome from cryotherapy 
in one eye. The patient was subsequently suc- 
cessfully treated with argon laser peripheral 
retinal photocoagulation with the laser indirect 
ophthalmoscope in the fellow eye. 

A premature infant was born at 24 weeks’ 
estimated gestational age and 700 g in weight. 
At 7 weeks of age, a fundus examination dis- 
closed a ridge of tissue with extraretinal prolif- 
eration for ten contiguous clock hours in the 
right eye and eight contiguous clock hours in 
the left eye. Preretinal hemorrhages were noted 
along the ridge in both eyes. Immediately after 
initiation of transconjunctival cryotherapy to 
the avascular periphery of the right eye, a vitre- 
ous hemorrhage was noted. The hemorrhage 
obscured the fundus and precluded the comple- 
tion of the treatment. Two weeks later, the 
vitreous cavity of the right eye remained filled 
with blood, and the left eye had progressed to 
12 contiguous clock hours of ridge formation 
with extraretinal proliferation, with enlarged 
veins and tortuous arterioles in the posterior 
retina, with a small vitreous hemorrhage noted 
inferiorly. Because of the poor response to cryo- 
therapy in the right eye and progression of the 
disease in the left eye, laser photocoagulation 
was performed on the left eye. By using the 
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Fig. 1 (Landers and associates). Laser photocoagu- 
lation of the avascular retinal periphery anterior to 
the ridge immediately after treatment. 


argon blue-green laser indirect ophthalmo- 
scope, a total of 433 burns, approximately 300- 
um spot size, were delivered to the avascular 
retina anterior to the ridge of extraretinal fibro- 
vascular proliferation. Burns were spaced 2 
burn width apart from each other, and they 
were of moderate intensity (Fig. 1). 

Results of an examination one week later 
showed some regression of the extraretinal fi- 
brovascular proliferation and the enlarged and 
tortuous vessels in the left eye. There were 
several areas of incomplete treatment noted 
near the ora serrata in the left eye, so additional 
scatter laser treatment was then applied to treat 
completely the avascular periphery. No intra- 
operative complications were noted. At 20 
weeks of age, ten weeks postoperatively, the 
fibrovascular ridge and enlarged and tortuous 
vessels in the left eye had regressed completely, 
except for a small amount of residual fibrous 
membrane (Fig. 2). The posterior pole was 
within normal limits, except for a small amount 
of pigmentary mottling of the central macula. 
The right eye had a total retinal detachment 
with organized vitreous hemorrhage. 

The results of this case illustrate the effective- 
ness of the argon laser indirect delivery system 
for the treatment of advanced retinopathy of 


Fig. 2 (Landers and associates). Laser photocoagu- 
lation ten weeks after treatment. Note the regression 
of the fibrovascular ridge and the residual fibrous 
membrane in its place. 


prematurity. With this system, scleral depres- 
sion can be performed with a small lens loop 
rather than by using a larger and potentially 
more traumatic cryosurgical probe. This ap- 
pears to make the procedure better tolerated 
by the infant, since there is less manipulation of 
the globe required for complete treatment with 
the laser than with cryosurgical ablation of the 
avascular retina. The accuracy of the argon 
laser indirect delivery system allows precise 
treatment of avascular retina from the ora ser- 
rata up to and even including the ridge with 
minimal risk of vitreous hemorrhage. The use 
of the argon laser produces a chorioretinal scar 
without attendant damage to the adjacent con- 
junctiva and sclera as seen in cryotherapy. 

When ablating large areas of avascular retina 
in these patients, laser photocoagulation may 
have an advantage over cryosurgical ablation 
because of the limited tissue destruction associ- 
ated with laser treatment, which may in turn 
diminish some of the poor outcomes associated 
with cryotherapy, such as vitreous hemorrhage 
occurring intraoperatively or postoperatively. 
Further trials are warranted of argon laser 
photocoagulation with the indirect laser oph- 
thalmoscope for the treatment of retinopathy of 
prematurity. 
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Streak retinoscopy performed by a skilled 
retinoscopist is an accurate technique for deter- 
mining the refractive status of an eye. In eyes 
with clear media and simple spherical or regu- 
lar astigmatic errors, retinoscopy findings are 
usually within 0.25 diopter of the subjective 
refraction. 

Retinoscopy can be difficult to perform if a 
small pupil, opaque media, or poor fixation are 
present. There is an examiner-dependent factor 
that can also lead to inaccurate findings if 
unrecognized. This is the problem of the retino- 
scope with a bent filament. 

I performed retinoscopy on a model eye by 
using a number of different bulbs with bent 
filaments. With small amounts of bend, the 
retinoscopic reflex was arcuate rather than 
straight. With large amounts of bend, particu 
larly if a sharply angulated portion of the fila- 





Fig. 1 (Miller). The filament of the streak retinoscope is focused onto a screen by dropping the sleeve. Left, A 
normal filament appears perfectly straight. Right, A bent filament is easily demonstrated by this maneuver. 
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Fig. 2 (Miller). The housing and locking screw have been removed to show the bulb. Left, A normal filament. 


Right, A bent filament. 


ment was swept across the pupil, I found it 
difficult to determine the axis of astigmatism, 
and I could produce scissors’ reflexes or 
pseudo-irregular astigmatism at will. Bends in 
the filament did not affect the far-point deter- 
mination. 

A problem with a streak retinoscope should 
be suspected if the intercept, the divergent 
beam of light emanating from the filament, is 
not straight. The sleeve of the retinoscope can 
be raised or lowered to focus the filament on a 
wall and confirm the suspicion (Fig. 1). If the 
image of the focused filament is bent, remove 
the housing and locking screw to determine the 
nature of the bend (Fig. 2). 

The straight filament of the retinoscope 
bends in response to sudden jolts while it is hot 
(Joseph F. Andera, personal communication, 
Stereo Optical, Chicago, Ill.; June 18, 1990). It 
does not bend if it simply has been left on in the 
supine position. Halogen bulbs heat to 4,000 F 
and are particularly prone to trauma. To reduce 
the likelihood of filament damage, turn the 
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retinoscope off and wait a few seconds before 
returning it to its receptacle. Should a bend 
occur, turn it on with the locking screw re- 
moved and tap it in the opposite direction of the 
bend. This simple maneuver will often correct 
the problem. 


A Simple Method for Detection of 
Hemianopsia or Quadrantanopsia 


Rudolph Hahnenberger, M.D. 
Department of Ophthalmology, University Hospital. 


Inquiries to Rudolph Hahnenberger, M.D., Department 
of Ophthalmology, University Hospital, S-751 85 Upp- 
sala, Sweden. 

When a perimeter is not available, confronta- 
tion tests are usually used for testing visual 
fields. Most of these techniques are reliable if 
performed correctly. Testing is difficult to per- 
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form in patients who are in the supine position 
immobilized by monitoring, infusion systems, 
or both. For several years I have successfully 
tested visual fields using a prism between 30 
and 60 diopters. 

When the patient fixates on an object with 
both eyes and a prism is placed in front of one 
eye, the image of that eye will be displaced from 
the fovea. The patient with two intact visual 
fields will thus experience diplopia, since the 
displaced image does not fall on a correspond- 
ing part of the retina. If this image, however, 
falls on a blind part of the visual field no 
diplopia will occur. 

The examination is done in a room with 
reduced illumination. The patient fixates a flash 
light, positioned at a distance of about 1 m. A 
prism is then placed in front of one eye and 
rotated around the visual axis. The patient 
reports diplopia as long as there is no visual 
field defect in the particular area tested, for 
example, 30 degrees from the fixation point if a 
60-D prism is used. The contralateral eye is 
tested in the same manner. This method dis- 
closes only absolute defects. The results must 
be interpreted cautiously when the prism is 
positioned in the horizontal plane, since fusion 
is possible up to 20 P.D. base in. In any other 
position, however, fusion is impossible as long 
as high-power prisms are used. The test is 
useful in binocular, nonsquinting subjects, in 
whom conventional confrontation tests are dif- 
ficult to perform. 


Demographic Patterns and 
Academic Choices of Graduates of 
One Ophthalmology Training 
Program 


Robert A. Catalano, M.D., 

Mabel M. P. Cheng, M.D., 

and John M. Cutro, B.S. 

Department of Ophthalmology and Lions Eye Insti- 
tute, Albany Medical College. This study was sup- 


ported by an unrestricted grant from Research to 
Prevent Blindness, Inc. 


Inquiries to Robert A. Catalano, M.D., Department of 
Ophthalmology, Albany Medical College, Albany, NY 
12208. 

To determine trends in resident profiles and 
practice choices over the past two decades, 
records of the 77 graduates of Albany Medical 
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College’s ophthalmology training program 
from 1967 to 1987 were reviewed and validated 
through telephone interviews. Information re- 
garding preresidency intentions, postresidency 
training, age, sex, hometown, educational and 
research background, publications before and 
during residency, practice location, and prac- 
tice choice was collected. The National Board of 
Medical Examiners, Department of Psychomet- 
rics, provided confidential Part I scores for 57 of 
the 77 graduates and performed a discriminant 
analysis to identify factors related to postresi- 
dency practice. 

Individuals were categorized into four resi- 
dency periods. The first period included resi- 
dent graduates during the first six years of the 
program; the remaining graduates were divided 
into successive five-year blocks. A pooled, 
within-groups correlation matrix was generat- 
ed and discriminant analysis, based on Bayes’s 
theorem, was performed to determine the pos- 
terior probability that a given individual would 
enter academic medicine. Only individuals 
with a full-time, tenure-track appointment at a 
medical college with an accredited residency 
program were considered to be engaged in 
academic medicine. 

Increasing trends included the percentage of 
women (zero of 18 [0%] the first six years to five 
of 20 [25%] the final five years); individuals 
with additional training before residency (three 
of 18 [17%] to six of 20 [30%]); nonscience 
majors (two of 18 [11%] to 11 of 20 [55%)); 
number of graduates from the affiliated medical 
school (three of 18 [17%] to ten of 20 [50%]); 
and percentage with publications before (two 
of 18 [11%] to 12 of 20 [60%]) and during 
residency (six of 18 [33%] to 13 of 20 [65%)}). 
The age of applicants and the number of gradu- 
ates remaining within 50 miles of the residency 
program (seven of 18 [39%] to nine of 20 [45 %]) 
stayed consistent. Similarly, a nearly constant 
approximately 30% of the individuals returned 
to their hometown, and over 70% of those who 
stated Albany as their hometown remained in 
the area. 

Expressed interest before residency in aca- 
demic medicine increased steadily from four of 
18 (22%) to 12 of 20 (60%), as did fellowships 
attained (two of 18 [11%] to 12 of 20 [60%)). 
There was, however, no appreciable increase in 
the number of individuals entering academic 
practice (one of 18 [6%] to three of 20 [15%)}). 
Nine of 12 individuals who entered academic 
medicine have remained in an academic prac- 
tice. The minimum period in academia was two 
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years, and all of those who entered academic 
medicine published papers after residency. 

By using information known at application 
and during residency, the following five factors 
(in order of importance) increased the probabil- 
ity of entering an academic practice: first 
authorships of papers during residency, male 
sex, fewer second authorships at application, a 
fellowship, and a biology, chemistry, or physics 
undergraduate major. By using these variables 
alone, 89.6% of the individuals could be classi- 
fied correctly by multivariate discriminant anal- 
ysis as to the posterior probability of entering 
academic medicine. 

In a previous study of a subgroup of this 
population a correlation between National 
Board of Medical Examiner Part I scores and 
resident performance was demonstrated.! A 
correlation matrix generated during the dis- 
criminant analysis of this study, however, 
failed to show a significant correlation between 
Part I scores and any other variable. 

Although the trends in a single residency 
program cannot be construed as indicative of 
the general resident pool, they can provide 
material for a more representative study of the 
demographic patterns and choices of ophthal- 
mology residents. Changes in the number of 
individuals with training in other fields or edu- 
cational background may impact the focus of 
postgraduate practice. Knowledge of the demo- 
graphic patterns of graduates might assist the 
long-term planning and objectives of training 
programs, and knowledge of the characteristics 
associated with career choices might assist resi- 
dents and their mentors in career counseling. 
Although this study did not address financial 
factors, future studies should examine the im- 
pact of financial concerns on practice patterns. 
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Malignant glaucoma involves a shallow or 
flat anterior chamber caused by misdirected 
aqueous flow. This results in increased intraoc- 
ular pressure that is unresponsive to standard 
glaucoma therapy.’ We treated a patient who 
had malignant glaucoma associated with corne- 
al hydrops in keratoconus. 

A 42-year-old man with Down’s syndrome 
and keratoconus was referred to our institution 
in May 1989 because of a five-month history of 
pain, diminished vision, and corneal hydrops in 
the left eye. Cycloplegics and topical beta- 
blockers had not decreased the corneal edema. 

On initial examination, visual acuity was 
R.E.: 20/200 and L.E.: hand motions. The pa- 
tient had central corneal hydrops in the left eye 
and a deep anterior chamber. The left lens was 
cataractous. Intraocular pressure was R.E.: 12 
mm Hg and L.E.: 34 mm Hg. Methazolamide 
and betaxolol hydrochloride were started, and 
cyclopentolate hydrochloride was discontin- 
ued. One month later, the left anterior chamber 
was more shallow and intraocular pressure was 
30 mm Hg. Pilocarpine hydrochloride 4% was 
started and a YAG iridectomy was performed. 
The anterior chamber deepened initially, but 
one week later was shallow with an intraocular 
pressure of 32 mm Hg. Cyclopentolate hydro- 
chloride 2% was substituted for pilocarpine 
hydrochloride. The anterior chamber deep- 
ened, and intraocular pressure decreased to 15 
mm Hg. 

In July 1989, a penetrating keratoplasty was 
performed with extracapsular cataract extrac- 
tion and insertion of a posterior chamber intra- 
ocular lens. One day later, the anterior chamber 
was shallow and intraocular pressure was 25 
mm Hg (Fig. 1). The anterior chamber remained 
shallow despite three patent iridectomies and a 
regimen of scopolamine hydrobromide 0.25% 
and acetazolamide. 

Vitreous aspiration performed three weeks 
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Fig. 1 (Jacoby, Reed, and Cashwell). Marked shal- 
lowing of anterior chamber two days after penetrat- 
ing keratoplasty and extracapsular cataract extrac- 
tion with intraocular lens insertion. Note aqueous 
over the pupil only. 


after corneal grafting deepened the anterior 
chamber and lowered the intraocular pressure. 
Two weeks later, the anterior chamber again 
flattened and intraocular pressure was 50 mm 
Hg. Scopolamine hydrobromide 0.25% had 
been continued. Because a regimen of atropine 
sulfate, phenylephrine hydrochloride, timolol 
maleate, and acetazolamide failed to deepen 
the anterior chamber and control the intraocu- 
lar pressure, two anterior vitrectomies were 
performed. The most recent examination 
showed a deep anterior chamber and intermit- 
tent peripheral anterior synechiae involving 
less than two clock hours of the angle (Fig. 2). 
Visual acuity was 20/200 in each eye, and 
intraocular pressure was L.E.: 18 mm Hg. 





my Be 
ah 
=e 


Fig. 2 (Jacoby, Reed, and Cashwell). Nine months 
postoperatively, the anterior chamber is deep with 
good intraocular pressure control. 


Malignant glaucoma should be suspected in 
any patient with a shallow or flat anterior 
chamber and increased intraocular pressure. In 
our patient, the intraocular pressure measure- 
ments and anterior chamber depths were not 
available before the first examination, but he 
was being treated with cycloplegics and aque- 
ous suppressants for photophobia and corneal 
edema. The anterior chamber was deep when 
we first examined the patient but flattened 
when the cycloplegic was discontinued. The 
anterior chamber initially deepened with a YAG 
iridectomy, but cycloplegics were required to 
maintain good anterior chamber depth. Shortly 
after penetrating keratoplasty, the anterior 
chamber flattened acutely with a rapid increase 
in intraocular pressure, even after three patent 
peripheral iridectomies. 

Spontaneous malignant glaucoma is rare, but 
has been reported.’ McClellan and Billson” re- 
ported a case associated with corneal hydrops. 
Their patient, like ours, was middle-aged and 
had Down’s syndrome. The mechanism of the 
relationship between Down's syndrome, corne- 
al hydrops, and malignant glaucoma remains 
obscure, but we believe that an awareness of 
this possible association is important. 
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Hereditary arthro-ophthalmopathy, original- 
ly described by Stickler and associates! in 1965, 
is an autosomal dominant connective tissue 
dysplasia characterized by micrognathia, cleft 
palate, premature osteoarthritis, myopia, and 
vitreoretinal degeneration. Abnormal type II 
collagen, a key component in cartilage and 
vitreous, is thought to be responsible. DNA- 
linkage analysis suggests that in some families 
a mutation in the gene encoding for type II 
collagen (COL2A1) on chromosome 12 is the 
cause.’ The mechanism for abnormal type II 
collagen causing axial myopia and vitreoretinal 
degeneration remains to be elucidated. 

The timing of the onset of myopia in Stick- 
ler’s syndrome is not well documented. We 
treated three patients with Stickler’s syndrome 
who were examined between 2 days and 2 
months of age and found to have myopia by 
cycloplegic retinoscopy and A-scan ultrasonog- 
raphy. 


Case 1 

A 2-day-old boy with micrognathia was ex- 
amined because his mother had Stickler’s syn- 
drome. Results of visual behavior and anterior 
segment examinations were normal. Cyclople- 
gic retinoscopy disclosed refraction of R.E.: 
—8.50 —2.00 x 90 and L.E.: —8.50. The vitre- 
ous was clear. The fundi had mild pigmentary 
changes consistent with myopia but no other 
abnormalities. 

Subsequent examination at 21 months of age 
showed a refraction by cycloplegic retinoscopy 
of —13.50 in each eye. Axial length by ultraso- 
nography was 25.0 mm in each eye (normal, 
20.2 + 0.3 mm).° Results of a fundus examina- 
tion were unchanged. X-rays disclosed epiphys- 
eal dysgenesis consistent with Stickler’s syn- 
drome. 


Case 2 

The 2-week-old maternal half-sister of Case 1 
was noted at birth to have micrognathia. Re- 
sults of visual behavior and anterior segment 
examinations were normal. Cycloplegic reti- 
noscopy disclosed refraction of R.E.: —4.50 
-190 X 130 and. LE -4:75.—-1.00 x ‘180. 
Axial length by ultrasonography was 19.5 mm 
in each eye (normal, 16.8 + 0.6 mm). The 
vitreous was clear. The fundi were normal. 


Case 3 

A 2-month-old boy with a cleft palate was 
examined because eight of his paternal relatives 
had retinal degeneration, cleft palate, or both. 
A brother had x-ray evidence of epiphyseal 
dysplasia consistent with Stickler’s syndrome. 
Results of visual behavior and anterior segment 
examinations were normal. Cycloplegic reti- 
noscopy disclosed refraction of R.E.: —2.25 
—2.75 X 80 and L.E,: —3.25 —2.50.x 80. Axial 
length by ultrasound was R.E.: 20.5 mm and 
L.E.: 20.8 mm (normal, 17.0 + 0.6 mm).° The 
vitreous was clear. The fundi had mild myopic 
pigmentary changes but no other abnormali- 
ties. 


These three patients with Stickler’s syn- 
drome were examined within the first 2 months 
of life and found to have myopia. The myopia is 
correlated with an increased axial length. The 
vitreous of these patients appeared normal, and 
only myopic retinal changes were noted. The 
myopia was initially progressive in Case 1. The 
other patients were not followed up for a long 
enough period of time to determine the course 
of the myopia. Patients at hereditary risk for 
Stickler’s syndrome should have an ocular ex- 
amination soon after birth, and large refractive 
errors should be corrected. 
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Rieger’s syndrome’ is characterized by pos- 
terior embryotoxon, corectopia, iris atrophy, 
and pseudopolycoria associated with anoma- 
lies of the teeth and facial bones. Recent experi- 
mental studies suggest that this syndrome may 
be the result of abnormal embryonic devel- 
opment of the cranial neural ectoderm.” We 
treated a patient who manifested an unusual 
association of Rieger’s anomaly with systemic 
neurocristopathy. 

A 38-year-old, mentally retarded man had 
been the product of a normal pregnancy. His 
mother had had two normal children by a 
previous marriage. In her second marriage, she 
had two pregnancies that ended in spontaneous 
abortion and a third pregnancy that resulted in 
the patient’s birth. His development was de- 
layed, and physical findings included a brachy- 
cephalic skull, hypertelorism, a depressed na- 
sal bridge, pectus excavatum, genu valgus, pes 
planus, lumbar lordosis, and a shortened mid- 
dle segment of both upper and lower extremi- 
ties with wrist deformities (Fig. 1). The patient 
began to have a seizure disorder at age 5 years 
and was also found to have spina bifida occulta, 
as well as a septum secundum defect of the 
atrium. His testicles did not descend until age 
12 years. The karyotype and the lysosomal 
enzymes were normal. 

On examination at age 11 years, visual acuity 
was R.E.: —3.00 + 0.50 x 90, 20/60 and L.E.: 
—2.50 + 0.75 x 90, 20/80. Intraocular pressure 
was R.E.: 16 mm Hg and L.E.: 20 mm Hg. A 
pendular nystagmus was noted. Biomicroscopy 
showed clear corneas, prominent posterior em- 
bryotoxon, iris atrophy, pseudopolycoria, and 
posterior polar cataracts. 

The patient was not examined again until age 
27 years, when he had a one-year history of no 
light perception in the right eye, and 20/80 
visual acuity in the left eye with a correction of 
—9.00 +2.00 x 100. Intraocular pressure was 





Fig. 1 (Steinsapir and associates). The patient at age 
38 years. Front view (left) shows brachycephalic 
skull, hypertelorism, pectus excavatum, shortened 
middle segment of upper and lower extremities, and 
genu valgus. Side view (right) shows lumbar lordosis 
and pectus excavatum. 


R.E.: 58 mm Hg and L.E.: 28 mm Hg. The left 
optic nerve had a cup/disk ratio of 0.4, with a 
uniform rim of neural tissue. The pressure in 
the left eye has subsequently been well con- 
trolled with timolol and pilocarpine. 

The most recent ocular examination of the 
patient (at age 38 years) disclosed the right eye 
to be phthisic, with a mature cataract, but 
without evidence of intraocular tumor on ultra- 
sound. Gonioscopy demonstrated a glassy 
membrane in the angle of the right eye and a 
high insertion of the iris in the left eye (Fig. 2). 
Examination of the dilated pupil of the left eye 
showed a cup/disk ratio of 0.4 and diffuse 
mottling of the retinal pigment epithelium. 
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Fig. 2 (Steinsapir and associates). Anterior segment of the left eye with pseudopolycoria (left). Gonioscopic 
view shows pseudopolycoria and high insertion of the iris (right). 


We believe that the systemic abnormalities 
present in this patient reflect a neurocristop- 
athy, as does Rieger’s syndrome. Recent studies 
suggest that neural crest cells contribute to the 
walls of the aortic arches,’ the intermediate cell 
masses along the mesonephric and parameso- 
nephric ducts from which the gonads develop,’ 
and the spinal ganglia that contribute to normal 
limb development.’ The systemic abnormalities 
in this patient involve tissues derived from 
neural crest cells or tissues likely to be affected 
by abnormal induction of neural crest cells. 
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A 25-year-old woman was examined at our 
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institution for the complaint of horizontal dou- 
ble vision for five days. The patient denied any 
previous episodes of diplopia. During the two 
months before being examined, the patient re- 
ported three episodes of minor pain in the right 
eye, which lasted for 18 to 36 hours. These 
episodes were associated with redness, tearing, 
and increased sensitivity to light. The patient 
self-medicated with tetrahydrozoline hydro- 
chloride, one drop to both eyes each hour while 
awake. The patient did not seek medical advice 
for these symptoms. 

Although the patient stated that she was in 
excellent health and taking no medications, on 
review of systems she reported the presence of 
a bilateral leg rash of two months’ duration that 
had been diagnosed as a cellulitis. She was 
treated with 500 mg of cephalexin orally four 
times daily for ten days without any improve- 
ment and she did not seek further medical 
advice. The patient also reported that over the 
previous four months she had developed a 
persistent cough and arthralgia in both knees. 

The results of an examination disclosed best- 
corrected visual acuity of 20/20 in both eyes. 
Color vision was normal. Pupils were normal. 
The patient had a normal tangent screen visual 
field to 2/1,000 W. Despite a left head turn the 
patient had diplopia in all gaze positions. The 
patient could not abduct the left eye past mid- 
line. Results of a tensilon test were negative 
and forced ductions were normal. The results of 
a slit-lamp examination disclosed bilateral mut- 
ton-fat keratic precipitates with moderate cells 
in the right eye and mild cells in the left eye 
with iris pigment on the anterior lens capsule. 
Indirect ophthalmoscopy disclosed peripheral 
vascular loop formation in the superotemporal 
quadrant of the right eye. Complete neurologic 
examination was otherwise normal. 

The results of a chest x-ray disclosed bilateral 
hilar adenopathy, right upper lobe infiltrate, 
and left lower lobe infiltrate. Laboratory evalu- 
ation showed the following values: a white 
blood cell count of 8,100 cells/mm’; hematocrit 
of 41%; erythrocyte sedimentation rate of 11 
mm/hr; VDRL and fluorescent treponemal an- 
tibody absorption test, nonreactive; Lyme titer 
of 0.5 (normal, < 1.0); rheumatoid factor, nega- 
tive; antinuclear antibody, negative; calcium 
level of 9.2 mg/dl; serum angiotensin convert- 
ing enzyme level of 278 nmol/ml1/minute (nor- 
mal, 44 to 125 nmol/ml/minute); and serum 
lysozyme level of 21 pg/ml (normal, 2.8 to 8.0 
ug/ml). Skin testing for purified protein deriva- 


tive was negative and anergy was present to 
mumps, Trichophyton, and Candida antigen. 

Lumbar puncture disclosed an opening pres- 
sure of 140 mm of clear cerebrospinal fluid. 
There were no cells. Laboratory studies dis- 
closed a protein level of 47 mg/dl, oligoclonal 
bands were absent, and a glucose level of 55 
mg/dl. Results of all studies of the cerebro- 
spinal fluid were normal. The results of a 
transbronchial biopsy, using a fiberoptic bron- 
choscope, showed noncaseating granuloma 
suggestive of a diagnosis of sarcoidosis. 

The patient was given 80 mg of prednisone 
orally per day, 1% prednisolone eyedrops four 
times per day in both eyes, and 5% homatro- 
pine hydrobromide eyedrops three times per 
day in the right eye. The patient was examined 
seven days after the initiation of therapy. The 
anterior uveitis had improved markedly, 
whereas the left sixth nerve palsy required 
three weeks of therapy to resolve. 

A sixth nerve palsy in sarcoidosis is usually 
seen as one of multiple cranial nerve palsies in 
aseptic meningitis or as a nonlocalizing sixth 
nerve palsy secondary to increased intracranial 
pressure from noncommunicating hydrocepha- 
lus. In our patient, the absence of papilledema 
and the normal results of neurologic examina- 
tion and cerebrospinal fluid examination rea- 
sonably excluded aseptic meningitis or in- 
creased intracranial pressure. 

The peripheral vascular loop noted in the 
right eye of our patient suggests the presence of 
a vasculopathy. The response of the sixth nerve 
palsy to corticosteroids is compatible with a 
vasculopathy. Duker, Brown, and McNamara’ 
described proliferative sarcoid retinopathy, 
which consisted of neovascular peripheral cap- 
illary loops. Peripheral capillary closure was 
noted on fluorescein angiography. Our patient 
had similar microvascular changes. We believe, 
as postulated by Duker, Brown, and McNa- 
mara, that microvascular endothelial inflamma- 
tion is the underlying cause of the retinal vascu- 
lar changes and similarly in our patient was the 
cause for the sixth nerve palsy. 

Neurologically, an isolated sixth nerve palsy 
as the only manifestation of neurosarcoidosis is 
rare.”* In general, a sixth nerve palsy in sarcoid- 
osis is usually thought to be an ominous sign 
because of its association with aseptic meningi- 
tis or raised intracranial pressure. This case 
demonstrates that a sixth nerve palsy is not 
always a harbinger of a poor prognosis in 
neurosarcoidosis. 
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Although rare, iris crystals have been report- 
ed in a patient with chronic uveitis.! We treated 
three patients who had iris crystals associated 
with anterior uveitis and hypergammaglobulin- 
emia. 


Case 1 

A 58-year-old man had a history of recurrent 
acute iridocyclitis, which had become chronic 
and bilateral. The patient tested positive for 
HLA-B27. The right cornea showed mild band 
keratopathy, and the right anterior chamber 
had mild flare with a few cells. The left cornea 
had dense band keratopathy. The right iris had 
extensive posterior synechiae, and there were 
numerous tiny refractile glistening deposits 
scattered diffusely throughout the iris stroma 
(Fig. 1). Serum protein electrophoresis showed 
an increased gamma globulin level at 18 g/l 
(normal range, 6 to 15 g/l). 


Case 2 

A 29-year-old woman had chronic iridocycli- 
tis in the right eye secondary to sarcoidosis. The 
right cornea had keratic precipitates, and the 
right anterior chamber showed moderate flare 
and severe cells. The right iris showed numer- 
ous fine crystalline deposits scattered diffusely 





Fig. 1 (Lam and Tessler). Iris crystals in Case 1. 
Fine, white, refractile, dot-shaped deposits appeared 
sprinkled on the iris stroma. They glittered in re- 
sponse to light. Arrows indicate a few of the hun- 
dreds of iris crystals present. 


throughout the iris stroma. The deposits had a 
refractile glistening appearance (Fig. 2). The 
anterior segment of the left eye was normal. 
Serum protein electrophoresis showed an in- 
creased serum gamma globulin level at 41 g/l. 


Case 3 

A 20-year-old woman had chronic bilateral 
iridocyclitis secondary to sarcoidosis. Both cor- 
neas showed inferior endothelial fibrosis (haze) 
and keratic precipitate depositions. Both irides 
had extensive posterior synechiae. On the right 
iris stroma, a large refractile crystal was seen, 
the diameter of which measured 0.25 mm. The 
right anterior chamber had moderate flare and 
occasional cells, and the left anterior chamber 
had mild flare and mild cells. Serum protein 
electrophoresis showed an increased serum 
gamma globulin level at 24 g/l. 
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Fig. 2 (Lam and Tessler). An iris crystal located at 
the pupillary margin in Case 2. The crystal appeared 
refractile and reflected the slit-lamp beam. 


In 1969, Iwamoto and Witmer’ described a 
patient with chronic uveitis who had crystals in 
the iris stroma. Light and electron microscopy 
showed that there were numerous plasma cells 
in the iris stroma and that the iris crystals were 
Russell bodies,’ which are immunoglobulin 
precipitates in the endoplasmic reticulum of 
plasma cells.” The globulin levels were not 
reported. 

In our first two patients, the iris crystals were 
numerous and refractile, and they are pre- 
sumed to represent large Russell bodies. The 
large iris crystal in Case 3 could represent an 
extracellular precipitate of immunoglobulins or 
an extraordinarily large Russell body. More 
histopathologic studies are needed to clarify 
this. 

The exact pathogenetic relationship between 
iris crystals and increased serum gamma globu- 
lin levels in our patients is unclear. Increased 
levels of serum gamma globulins have been 
reported in 50%” to 75%‘ of patients with sar- 
coidosis, as was demonstrated in our patients 
with sarcoidosis. Polyclonal gammopathy, in- 
dicative of active immunoglobulin production, 
has been reported in patients with sarcoidosis.’ 
Since Russell bodies are derived from plasma 
cells, we hypothesize that iris crystals are signs 
of active immunoglobulin production, which 
may lead to increased levels of serum gamma 
globulin. 
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Unsuspected Renal Cell Carcinoma 
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and Texas Retina Associates (W.B.S.). This study was 
supported in part by grants from the Retina Research 
Foundation, the Lions Eye Bank, Houston, Texas, the 
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York, New York, and the Deutsche Forschungs- 
gemeinschaft (Ho 1111/1-2). 
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Houston, TX 77030. 

Metastatic tumors to the uvea are believed to 
be the most common intraocular malignant ne- 
oplasms.' The ophthalmologist is often the first 
to detect metastatic disease to the eye or orbit in 
a patient with an undetected malignancy, espe- 
cially for carcinomas of the lung and kidney. 

A 75-year-old man first examined in Novem- 
ber 1983 had visual acuity of R.E.: hand mo- 
tions and L.E.: 20/20. Ultrasound disclosed a 
placoid posterior pole mass measuring 3.0 mm 
in height with moderate to high internal reflec- 
tivity (Fig. 1). Periodic follow-up of the patient 
was recommended. In October 1987, the cho- 
roidal lesion measured 3.9 mm in height. In 
January 1990, visual acuity was light percep- 
tion in the right eye with a total retinal detach- 
ment. The A-scan showed a 7.9-mm choreidal 
mass. The patient had multiple abdominal op- 
erations; however, he denied a history of can- 
cer. The initial clinical diagnosis included cho- 
roidal hemangioma or amelanotic nevus. The 
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Fig. 1 (Holbach and associates). Preoperative A- 
scan ultrasound of choroidal tumor showing moder- 
ate to high internal reflectivity. 


blind eye was enucleated. Pathologic examina- 
tion of the enucleated right eye disclosed a 7.0 
x 6.0-mm yellow-tan, richly vascularized cho- 
roidal mass that microscopically was composed 
of nests of neoplastic cells with clear cytoplasm 
(Fig. 2). 

When the diagnosis of renal cell carcinoma 
metastatic to the choroid was made, the pa- 
tient’s son remembered that his father had had 
a nephrectomy 16 years previously. Histopath- 
ologic review of the nephrectomy specimen 
demonstrated a clear cell carcinoma with inva- 
sion of the renal vein. No other metastatic 
lesions were found. Computed tomographic 
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scans of the remaining kidney were free of 
tumor. 

Renal cell carcinomas represent 80% of ma- 
lignant tumors of the kidney. Men are affected 
twice as often as women.’ This tumor manifests 
some of the most bizarre biologic behavior in 
the realm of neoplasia. In some patients, a 
sudden explosive growth with widespread me- 
tastases may be observed. In other patients it 
may occur as a slowly growing asymptomatic 
mass. An unusual case of a large inoperable 
renal cell carcinoma occurring in a 68-year-old 
man was reported.” He was followed up for 37 
years, at which time the tumor metastasized to 
the lungs and skin causing the patient’s death. 
The most common metastatic sites are the lungs 
(55%), lymph nodes (34%), liver (33%), and 
bones (32%).* Ferry and Font’ in a clinicopatho- 
logic study of 227 carcinomas metastatic to the 
eye and orbit found that 8.3% of the cases were 
caused by renal cell carcinoma. The biologic 
behavior of renal cell carcinoma can be unpre- 
dictable; metastases may be the initial manifes- 
tation of the disease or occur at any time after 
the diagnosis of the primary tumor is estab- 
lished. The diagnosis may be difficult, especial- 
ly if no previous history of a primary renal 
tumor is available. In our patient, the slow 
growth rate of the choroidal mass (4.9 mm in 
seven years) suggested a benign process. If such 
a lesion involves the uvea it may simulate clini- 
cally an amelanotic melanoma or a choroidal 


Fig. 2 (Holbach and associ- 
ates). Microscopic appear- 
ance of renal cell carcinoma 
metastatic to the choroid dis- 
playing a richly vascularized 
stroma containing nests of 
epithelial cells with clear cy- 
toplasm (hematoxylin and 
eosin, X 70). 
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hemangioma.’ Clinicians should be aware that 
metastatic renal cell carcinoma is frequently 
richly vascularized and may mimic a choroidal 
hemangioma by A-scan ultrasonography, and it 
should be included in the differential diagnosis 
of a choroidal mass in an otherwise healthy 
adult. 
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A 63-year-old woman developed progressive 
optic atrophy. She had had anterior uveitis with 
increased intraocular pressures of 38 mm Hg in 
each eye that had responded to a short-term 
course of corticosteroid and antiglaucoma med- 
ications. The patient felt well and denied any 
headaches, jaw claudication, or visual loss. Her 
medical history included hypertension and aor- 
tic insufficiency presumed secondary to rheu- 
matic heart disease. Medications included hy- 
drochlorothiazide, a potassium supplement, 


and dipyridamole. Visual acuity had decreased 
to R.E.: 20/40 and L.E.: 20/30 from 20/20 in 
each eye one year previously. Intraocular pres- 
sure was R.E.: 14 mm Hg and L.E.: 17 mm Hg 
with no ocular medications. Results of pupil- 
lary and anterior chamber examinations were 
normal. Ishihara color testing was abnormal 
with nine plates of 17 on the right and 11 of 17 
plates on the left. The optic disks, which previ- 
ously had shown mild pallor of the neuroretina! 
rim, were now diffusely pale with small central 
cups. Mild, bilateral, macular, epiretinal mem- 
branes were noted. Computerized perimetry 
disclosed a five-degree central island remaining 
in the right eye and a ten-degree central island 
with some remaining retinal sensitivity super- 
onasally in the left eye. 

Investigation into possible causes for the pa- 
tient’s progressive optic atrophy included nor- 
mal B-12, lead level, VDRL, complete blood cel! 
count, liver function tests, urinalysis, and com- 
puted tomographic scan of the orbits and head. 
The sedimentation rate was mildly abnormal at 
41 mm/hr and the antinuclear antibody level 
was low positive at 1:80. Subsequent testing 
after neuro-ophthalmologic consultation dis- 
closed a normal antinuclear antibody level, 
normal complement testing, an increased rheu- 
matoid factor of 106 U/ml (normal, < 60 U/ 
ml), sedimentation rate of 60 mm/hr, and nor- 
mal results of a magnetic resonance imaging 
scan. 

Laboratory studies during hospitalization 18 
months later for aortic valve replacement dis- 
closed a sedimentation rate of 25 mm/hr, nega- 
tive anti-DNA and antinuclear antibody lewels, 
negative Lyme titers, and a positive anticardio- 
lipin antibody IgM titer of 100 IU (strongly 
positive, > 20 IU). 

Anticardiolipin antibodies, antiphosphati- 
dylserine antibodies, and the lupus anticoagu- 
lant are subsets of a group of autoantibodies to 
negatively charged phospholipids. They were 
first noted in a specific subset of cases of sys- 
temic lupus erythematosus and diseases resem- 
bling lupus in association with overall increas- 
es in cerebral thrombosis.’ Subsequently, a 
primary antiphospholipid antibody syndreme 
has been identified in which thrombogenic 
events are associated with the anticardiolipin 
antibody in combination with low or normal 
antinuclear antibody titers. The proposed 
mechanism involves effects on platelet mem- 
branes or prostacyclin release from vascular 
endothelium.*” 
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Support for the diagnosis as the primary 
phospholipid antibody syndrome includes the 
insidious onset of pallor and visual loss, which 
would not be expected with temporal arteritis, 
ischemic optic neuropathy, or collagen vascular 
disease, and the lack of any other positive tests 
supporting alternative diagnoses. The aortic 
valvular disease also is an interesting finding, 
because a significant number of patients with 
this syndrome have been reported to have asso- 
ciated valve lesions.’ 

We believe this case most likely represents a 
primary antiphospholipid antibody syndrome 
as the cause of this patient’s optic atrophy. This 
syndrome is important to recognize, because 
treatment with corticosteroids and immuno- 
suppressive agents has been shown to lower 
antibody titer with some resolution of disease, 
although clinical results are unpredictable.’ 
This syndrome should be included in the differ- 
ential diagnosis of optic atrophy. 
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Pasteurella multocida, a gram-negative cocco- 
bacillus, is part of the normal upper respiratory 
tract flora of many animals and birds. Human 
infections caused by the organism have been 
reported, usually resulting from contact with 
oropharyngeal secretions from household dogs 
or cats, typically by a bite or scratch.” McNa- 
mara, Richie, and Kirmani noted only nine 
cases of ocular infection secondary to P. multo- 
cida, including conjunctivitis, keratitis, uveitis, 
and endophthalmitis.’ They also reported a 
case of orbital cellulitis. We treated a patient 
with acute dacryocystitis caused by P. multo- 
cida. 

A 69-year-old woman had erythema, tender- 
ness, and swelling over the right medial can- 
thus. She had a six-year history of bilateral 
epiphora and mattering. The patient wiped her 
eyes frequently. Mucopurulent material could 
be refluxed from the puncta by pressing on the 
swollen lacrimal sac. She denied any previous 
episodes similar to her current manifestation. 
Irrigation disclosed nasolacrimal duct obstruc- 
tion bilaterally. Purulent material expressed 
from the lacrimal sac was sent for culture, and 
the patient was empirically started on dicloxa- 
cillin, 250 mg orally, four times a day. Cultures 
grew P. multocida, which was sensitive to peni- 
cillin, most cephalosporins, tetracycline, and 
chloramphenicol. The patient was questioned 
regarding animal contact. She denied being 
bitten, scratched, or licked on the face, but 
disclosed that during a three-week period be- 
fore the onset of acute dacryocystitis she had 
been treating her cat for a paw infection by 
directly inserting antibiotic tablets into the 
cat’s mouth. She did not scrupulously wash her 
hands after this activity. The patient was 
switched to penicillin V potassium, 500 mg 
orally four times a day, with clinical improve- 
ment over the next week. She subsequently 
underwent bilateral dacryocystorhinostomy 
and has been without epiphora or recurrence of 
dacryocystitis. 

Acute dacryocystitis or fulminant infection of 
the lacrimal sac is an alarming and painful 
complication of nasolacrimal duct obstruction. 
Staphylococcus and Streptococcus species are 
responsible for the vast majority of such in- 
fections; however, Haemophilus influenzae, 
Pseudomonas, Enterobacter species, and other 
anaerobes have been reported.* 
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Our patient had a history of nasolacrimal 
duct obstruction and developed acute infection 
presumably by inoculating her lacrimal sac by 
wiping her eyes after contact with the oropha- 
ryngeal secretions of her pet. This case under- 
scores the importance of obtaining appropriate 
microbial cultures in patients with acute dac- 
ryocystitis to exclude unusual pathogens and to 
guide antibiotic treatment. Dacryocystorhinos- 
tomy is recommended for most patients after 
resolution of the acute infection to bypass na- 
solacrimal duct obstruction, and thereby pre- 
vent recurrence of infection.’ Pasteurella multo- 
cida should be included among the list of 
microorganisms causing acute dacryocystitis, 
particularly if contact with animal secretions is 
involved. 
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A 19-year-old man was admitted to our insti- 
tution on Sept. 7, 1989, for treatment of a 
suspected infectious keratitis of the right eye. 
For the preceeding eight months until admis- 
sion the patient had been using daily topical 
corticosteroids for a unilateral recurrent panu- 
veitis of unknown cause affecting the right eye. 
Examination of the right cornea on admission 
disclosed a 4 X 4-mm epithelial defect inferior- 
ly with underlying stromal opacification and 
two centrally located, 1-mm, white, satellite 
lesions with overlying intact epithelium. Light 
microscopic examination of corneal scrapings 
prepared with Gram and Giemsa stains and a 
potassium hydroxide digest preparation dis- 
closed no organisms and few polymorphonu- 
clear cells. Corneal specimens were plated di- 
rectly to blood, chocolate, Sabouraud dextrose 
agar, and thioglycollate broth. Hourly topical 
cefazolin (50 mg/ml) and gentamicin (14 mg/ 
ml) were instituted. On admission Sept. 10, 
cultures were without growth and all antimi- 
crobials were discontinued. One day later cor- 
neal specimens were obtained and plated onto 
the previously used media as well as Lowen- 
stein-Jensen and egg yolk agar. No organisms 
were seen by light microscopy, and three days 
later the cultures were without growth. Topical 
prednisolone acetate 1% and chloramphenicol 
3% each administered four times a day were 
instituted. The stromal haziness became less 
dense and the epithelial defect healed. On Sept. 
19, the patient was discharged on a regimen of 
topical chloramphenicol. On Sept. 27, Pseu- 
domonas mesophilica was isolated from cultures 
obtained on Sept. 11. One day later the patient 
had conjunctival injection and a recurrent cor- 
neal epithelial defect inferiorly with increased 
underlying stromal opacification. Microscopic 
examination of corneal specimens disclosed no 
organisms. The patient was given hourly topi- 
cal tobramycin (14 mg/ml) in light of the 
reported susceptibilities for P. mesophilica 
available in published reports.!? On Oct. 4, 
susceptibility testing for this patient's isolate of 
P. mesophilica was completed. The isolate was 
susceptible to cefoperazone, ciprofloxacin, 
piperacillin, and tetracycline; intermediately 
susceptible to amikacin and tobramycin; and 
resistant to ampicillin, ampicillin/sulbactam, 
cefamandole, cefaxitin, ceftazidime, cephalo- 
thin, gentamicin, and trimethoprim/sulfa. Be- 
cause of a lack of clinical response tobramycin 
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was discontinued, and hourly topical piper- 
acillin (10 mg/ml) was initiated. On Oct. 6, the 
epithelial defect healed, and the piperacillin 
was tapered slowly over four weeks. The pa- 
tient has done well for ten months after cessa- 
tion of all medications. 

Human infection from P. mesophilica is rare 
and generally occurs in immunosuppressed pa- 
tients.'”* Pseudomonas mesophilica has been as- 
sociated indirectly with ocular disease in one 
patient.” Culturing the organism is difficult be- 
cause of its restrictive nutrient and temperature 
requirements. Permissive media include Sa- 
bouraud glucose and buffered charcoal yeast 
extract agars. Growth on blood and chocolate 
agar can be enhanced with lower storage tem- 
peratures (25 C) and prolonged incubation (two 
to four weeks).’” 

Our patient’s ocular immunity was compro- 
mised by long-term topical corticosteroid us- 
age. Our inability to isolate this organism from 
the first set of corneal specimens may have been 
caused by the use of nonpermissive media 
(blood and chocolate agars) stored at higher 
temperatures (37 C). The organism was eventu- 
ally isolated on egg yolk agar stored at 25 C. 
The clinical response to treatment was consis- 
tent with the in vitro susceptibility pattern for 
this bacterium. 

Pseudomonas mesophilica should be censid- 
ered as a cause of infection in patients with 
altered ocular immunity, in patients with infec- 
tious keratitis resistant to antimicrobial thera- 
py, or in patients with recurrent keratitis. 
Awareness of laboratory personal to the pres- 
ence of this organism in ocular derived cultures 
may allow its recovery and identification. 
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A 63-year-old woman had had a scleral buck- 
ling procedure 15 years previously for retinal 
detachment in the right eye and a cataract 
extraction with a posterior chamber intraocular 
lens in the right eye on May 4, 1989. At the time 
of the cataract surgery there was a dehiscence 
in the superonasal conjunctiva and a silicone 
scleral buckle element was found, but there was 
no evidence of discharge or inflammation. On 
May 16, 1989, the patient had pain in the right 
eye, and she was given topical tobramycin and 
chloramphenicol. The pain increased, and the 
patient noticed a white spot and a purulent 
discharge from the superonasal part of the right 
eye. Cultures taken from the right eye on May 
22, 1989, were negative. The patient continued 
taking topical medications and was given aspi- 
rin and oxycodone hydrochloride for the pain. 
When initially examined by us on June 13, 
1989, she had a best-corrected visual acuity of 
R.E.: 1/200 and L.E.: 20/30. The left eye was 
aphakic. Examination of the right eye showed 
superior bulbar conjunctival and scleral inflam- 
mation with areas of necrosis and hemorrhage, 
and a mucopurulent discharge (Fig. 1). Scleral 
buckle material could be seen underneath the 
dehisced superonasal conjunctiva. The cataract 
wound was necrotic with no leakage. The cor- 
nea was clear centrally. The anterior chamber 
had moderate cells and flare. The pupil was 
oval in shape with a posterior chamber intraoc- 
ular lens and an intact opacified posterior cap- 
sule. The vitreous was clear with no cells. The 
retina, vessels, and optic nerve were normal. 
On exploration the necrotic scleral area mea- 
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Fig. 1 (Kattan and Pflugfelder). Scleral inflamma- 
tion with necrosis. 


sured 13.0 X 13.0 mm, and as much of the 
silicone buckle material as possible was re- 
moved. Cultures taken from the superonasal 
necrotic area and from the removed scleral 
buckle material grew Nocardia asteroides after 
three days. The patient’s medications were 
switched from intravenous amikacin and cefa- 
zolin to intravenous sulfamethoxazole and tri- 
methoprim 250 mg every six hours and from 
hourly topical fortified vancomycin and to- 
bramycin to hourly topical sulfamethoxazole 
and trimethoprim (intravenous preparation). 
The patient was given subconjunctival sulfa- 
methoxazole and trimethoprim (0.5 ml of the 
intravenous preparation) around the necrotic 
area superonasally daily on three consecutive 
days. On June 20, 1989, there was an impending 
scleral perforation with extension of the scleral 
necrosis, and enucleation was performed to 
stop the spread of the infection. Cultures of the 
enucleated globe grew N. asteroides. The pa- 
tient was discharged June 21, 1989, on a regi- 
men of sulfamethoxazole and trimethoprim 
double strength, orally, twice daily. 
Histopathologic examination showed branch- 
ing filamentous organisms in the necrotic sclera 
(Fig. 2). The N. asteroides was sensitive to sulfa- 
methoxazole and amoxicillin, amikacin, imi- 
penem, gentamicin, clavulanate potassium, 
penicillin, doxycycline, and ceftriaxone sodi- 
um. Results of complete blood cell count and a 
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Fig. 2 (Kattan and Pflugfelder). Filamentous 
branching organisms (arrow) (Gomori methenamine 
silver, X 100). 


chest x-ray were normal. The patient had 
worked frequently in her garden. 

Nocardia asteroides is an aerobic Actinomyce- 
taceae, which is part of the normal soil micro- 
flora.’ It is a gram-positive branching filamen- 
tous organism.’ Nocardia is an opportunistic 
organism usually occurring in immunosup- 
pressed patients or after trauma.’ Systemically 
it can cause pulmonary, brain, skin, and other 
organ infections. Previously reported ocular 
infections include conjunctivitis, keratitis, en- 
dophthalmitis, and orbital involvement. The 
recommended treatment for Nocardia infec- 
tions is trimethoprim with sulfamethoxazole. 
Alternate therapies in cases of resistance to 
trimethoprim with sulfamethoxazole or drug 
reaction can be with amikacin or minocycline.’ 
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Atlas of Contemporary Surgery. Edited by Henry 
M. Clayman. St. Louis, C. V. Mosby, 1990. 
1,060 pages, index, illustrated. $140 


Reviewed by WILLIAM E. BENSON 
Philadelphia, Pennsylvania 


Because of the extremely rapid progress in 
surgical technique over the last 20 years, Henry 
Clayman has edited a new, comprehensive atlas 
of ophthalmic surgéry. Any multiauthored text 
requires the input of men and women who are 
not only knowledgeable, but who also can 
clearly put the pertinent concepts and ideas on 
paper. One of the strengths of this book is that 
the editor has assembled an impressive group 
of contributors in all subspecialties (cornea, 
cataract, glaucoma, strabismus, vitreous, reti- 
na, oculoplastics, and orbit). A second strength 
of the book is that in all of the sections the 
contributors discuss not only the latest meth- 
ods of performing routine procedures, but also 
the management of common intraoperative and 
postoperative complications. A third strength is 
that the illustrations, drawn by two artists, are 
consistently excellent and clearly demonstrate 
the teaching points that are being made. For 
example, in the oculoplastics section, the cross- 
sectional illustrations of the eyelids are accu- 
rate, clearly depicted, and especially helpful. 
Finally, the comprehensive index helps to make 
the text easy to use. 

I, and the subspecialists I asked to help me 
review this atlas, would do some procedures 
differently. For example, in performing a tra- 
beculectomy, many surgeons believe that it is 
probably not necessary to make the initial scler- 
al incision down to the level of the pars plana, 
but, to the well-respected authors, this is a 
helpful step. This is simply a matter of training, 
experience, and opinion. The authors would 
have needed to write an atlas of thousands of 
pages to cover all differing opinions regarding 
specific operations. They have done an excel- 
lent job in describing techniques that are wide- 
ly accepted. However, although many differ- 
ences are minor and only a question of personal 
taste, there are a few procedures with which I 
would strongly disagree. For example, in the 
retina section, there are descriptions of the 
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indirect photocoagulation technique for idio- 
pathic central serous retinopathy, laser and 
cryotherapy treatment of toxoplasmosis retini- 
tis, and scleral buckling of macular holes. All of 
these techniques are either unproven or obso- 
lete. Another minor weakness is that the text is 
not referenced. Some sections have a bibliogra- 
phy, but others do not. As a consequence, the 
reader cannot look up the scientific basis for 
statements like ‘‘lensectomy should be per- 
formed in all uveitis vitrectomies.”’ 

With these minor reservations, this is an 
excellent book, which residents can read to 
learn surgical technique. Both they and practi- 
tioners will find it helpful as a review before 
doing cases that they do not perform frequent- 
ly. Finally, practitioners who already have 
some experience in performing certain proce- 
dures can use this atlas to update their tech- 
niques. 





Ophthalmology Monographs 1. Retinal Detach- 
ment, ed. 5. By George F. Hilton, Edward B. 
McLean, and Elaine L. Chuang. San Francisco, 
American Academy of Ophthalmology, 1989. 
Softcover, 227 pages, index, illustrated. $35 
(members), $50 (nonmembers) 


Reviewed by R. SLOAN WILSON 
Little Rock, Arkansas 


The authors and the American Academy of 
Ophthalmology have done an excellent job of 
revising Retinal Detachment. This softbound 
volume is the first in a new Academy series 
called Ophthalmology Monographs. While the 
primary authorship remains the same as the 
fourth edition (1981), Elaine L. Chuang replac- 
es E. W. D. Norton, who has written the illumi- 
nating foreword of the fifth edition. 

The basic format and table of contents remain 
essentially unchanged, starting with the his- 
torical review, details of diagnosis and treat- 
ment of retinal detachment, followed by a 
thorough discussion of preoperative and post- 
operative management and complications. 
There are important updates, revisions, and 
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phrasing changes, which are frequently inter- 
spersed throughout the text. 

There are several reasons that the fifth edi- 
tion is a decided improvement: it is attractive, 
colorfully bound with an easy and pleasing 
chapter/subchapter numbering system; the 
quality of photographs, both black and white 
and color, are distinctly superior to even the 
same illustrations of the previous edition; and 
the content has been updated to include a 
chapter on new alternative procedures to scler- 
al buckling, which are illustrated with beautiful 
new color drawings of the fundus with corre- 
sponding dimensional cross-sectional views of 
the eye. Vitrectomy, though discussed and il- 
lustrated, is left in detail for another mono- 
graph in this series, which is mutually comple- 
mentary. 

In the appendix, The Technique of Binocular 
Indirect Ophthalmoscopy by Rosenthal and 
Fradin (edited by Boyd) once again is reprinted 
(with permission) from the 1966 Highlights of 
Ophthalmology. This practical primer on indi- 
rect ophthalmoscopy, retinal drawing, and 
scleral depression accounts for almost one 
quarter of the book and should be mandatory 
reading for all ophthalmology residents. 

Even though the bibliography at the end of 
each chapter is adequate and directs the reader 
to a more in-depth study, the lack of specific 
references is a principal drawback. 

An entirely new addition is the informative 
self-study examination and a 20-question quiz, 
which allows one CME credit per hour up to 25 
hours of category I by simply signing the form 
and returning it to the American Academy of 
Ophthalmology. This text should be within 
easy reach of all ophthalmology residents, 
practitioners, and retinal specialists. 


Let Newton Be! A New Perspective on His Life 
and Works. Edited by John Fauvel, Raymond 
Flood, Michael Shortland, and Robin Wilson. 
Oxford, Oxford University Press, 1989. Soft- 
cover, 272 pages, illustrated. $15 


Reviewed by RONALD S. FISHMAN 
Washington, D.C. 


Voltaire thought that a genius like Newton 
was born only once every 1,000 years, if that 


often. Certainly Newton was an odd fellow, no 
doubt about it, but he was brilliant, quirky, and 
complex. He is a continuing source of fascina- 
tion for historians of science. Rumor has it that 
turnstiles have been installed at Cambridge 
University to accommodate scholars interested 
in examining his voluminous manuscripts and 
unpublished notes at first hand. 

It is difficult for us today to reconstruct the 
impact of Newton’s ideas on his contemporar- 
ies, the almost universal adulation given him in 
his lifetime and after. This honored place was 
given him by men such as John Locke, David 
Hume, and Alexander Pope, none of them 
slouches in the brains department themselves. 
The popular figure of Einstein as the unparal- 
leled genius of the 20th century is pale in 
comparison. 

The tercentenary in 1987 of the publication of 
Newton’s great work, Principia Mathematica, 
passed by rather quietly in the United States. 
The award-winning biography Never at Rest by 
Richard Westfall came out in 1982, has had a 
good press run, and is available in soft cover. 

Let Newton Be! (the phrase is from Pope) is a 
short group of essays by British historians of 
science. All of the essays are well written, 
accessible, interesting, and well illustrated. 
They not only consider Newton in his many 
guises, including mathematician and optical 
researcher, but also in the social context of his 
time and after. Two gems of essays deal with 
Newton’s interest in alchemy and theology, 
usually thought of as black holes of misdirected 
genius and wasted effort. They were evidently 
important parts of his total world view and are 
starting to get serious attention. I recommend 
the book highly. 

Ophthalmologists usually think of Newton as 
the figure in the old American Optical Compa- 
ny prints, sending rays of white light through a 
prism and demonstrating their decomposition 
into the spectrum. Since as a group we're not 
much interested in the nature of light, why 
should we be particularly interested in Isaac 
Newton? (And why should your quixotic book 
review editor want this book reviewed?) 

It turns out that Newton turned his attention 
to the eye and the nature of vision several times 
in his career. In his 20s he performed sclera] 
depression on himself with a stiletto to study 
the visual sensations produced, a case of de- 
monic enthusiasm if ever there was one. Wilbur 
Rucker brought to our attention in the 1950s 
that Newton, in 1682, came up with an idea that 
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evidently was entirely original with him: the 
semi-decussation of optic nerve fibers in the 
chiasm. No one knows how he got this idea, but 
my guess is that Newton had visual migraine 
attacks and recognized their hemianopic quali- 
ty, unlike most people. 

The questions of Newton's mental health still 
tantalize us. He experienced an out-and-out 
psychotic break when he was 50 years old. A 
case was made in the British literature several 
years ago that this was precipitated by inadver- 
tent intoxication by mercury fumes during his 
alchemical experiments. It is also evident from 
his biographic details that he suffered some 
degree of bipolar illness throughout his life, 
and this deserves more attention. That some- 
one so handicapped could still have such a long 
and productive career may be one of the unrec- 
ognized victories of this paradoxical genius. 


Books Received 


Current Opinion in Ophthalmology, vol. 1, No. 2. 
Edited by George W. Weinstein. Philadelphia, 
Current Science, 1990. 208 pages, index, illus- 
trated. $45 


Considerable effort has been expended to 
make this new bimonthly review journal look 
like a comfortable and interesting periodical. It 
is entirely unencumbered by advertising. Color 
is everywhere, even the graphs have blue back- 
grounds. The type and the layout are pleasing. 
The references are rated: one bullet means “of 
interest,” two bullets means “of outstanding 
interest.’’ We wish our colleagues well in their 
struggle to become one of the indispensable 
ophthalmic journals. 


For My Patient. Cataract. California, Pacific Medi- 
cal press, 1990. Softcover, 29 pages, index, 
illustrated. $2.75 


Another well-designed booklet for the edifi- 
cation of the patient, using up-to-date and 
straightforward language. Some patients might 
prefer an even larger and bolder typeface. 
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Ophthalmology Oral History Series. A Link With 
Our Past. An Interview with Harold Glendon 
Scheie, M.D. By Sally Smith Hughes. San Fran- 
cisco, The Foundation of the American Acade- 
my of Ophthalmology, 1989. Softcover, 355 
pages, index, illustrated. $55 


Ophthalmology Oral History Series. A Link With 
Our Past. An Interview with Thomas David 
Duane, M.D. By Sally Smith Hughes. San Fran- 
cisco, The Foundation of the American Acade- 
my of Ophthalmology, 1989. Softcover, 178 
pages, index, illustrated. $55 


Harold Scheie was a remarkable man who 
had a full life, filled with accomplishment, and 
Tom Duane is still something special. Their 
personalities come through vividly in these 
highly readable oral histories. 


Sympathicus und Auge. Edited by Alfred Huber. 
Stuttgart, Germany, Ferdinand Enke Verlag, 
1990. 225 pages, index. No price given. 


This text consists of 22 papers presented at a 
scientific symposium held in Zürich in Decem- 
ber 1986, just 100 years after the death of J. F. 
Horner, M.D. 

Irene Loewenfeld’s salute to Horner in this 
volume is a detailed analysis of the terms used 
to described damage to (and over stimulation 
of) the sympathetic innervation of the eye at 
various locations along the neural pathway. It is 
also a clear and outspoken essay on the use of 
eponyms in medicine as illustrated by an amaz- 
ing collection of 30 or more eponyms involving 
the sympathetic innervation of the eye. 


Low Vision. A Resource Guide for People With 
Sight Loss. (Large print) Lexington, Massa- 
chusetts, Resources for Rehabilitation, 1990. 
151 pages, $35 


Rehabilitation Resource Manual. Vision. Lexing- 
ton, Massachusetts, Resources for Rehabilita- 
tion, 1990. 151 pages. $39.95 
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When a patient becomes blind despite medi- 
cine’s best efforts, an ophthalmologist should 
do more than just show the patient the door. 
These books list the addresses and phone num- 
bers of people who can really help. By calling or 
writing some of these sources in advance, an 
ophthalmologist will be armed with helpful 
information. It may not restore sight, but itis no 
empty gesture. It can be valuable therapy. 


The Book List 


Atlas of Primary Eyecare Procedures. By Murray 
Fingeret, Linda Casser, and H. Ted Woodcome. 
East Norwalk, Connecticut, Appleton & Lange, 
1990. 292 pages, index, illustrated. $79.95 


Book Reviews 451 





Complications of Glaucoma Therapy. By Mark B. 
Sherwood and George L. Spaeth. Thorofare, 
Slack, 1990. 390 pages, index, illustrated. No 
price given. 


Laser. its Clinical Uses in Eye Diseases, ed. 2. 
By lan J. Constable and Arthur Siew Ming Lim. 
New York, Churchill Livingstone, Inc., 1990. 207 
pages, index illustrated. $85 


Normal Pressure Glaucomas. By Alain Beche- 
toille. France, Service Ophtalmologie, 1990. 
259 pages, index, illustrated. $52 


Principles and Practice of Pediatric Optometrv. 
By Alfred A. Rosenbloom and Meredith W. Mor- 
gan. Philadelphia, J. B. Lippincott, 1990. 608 
pages, index, illustrated. $59.50 
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Edited by Michael A. Kass, M.D. 





Diabetic 3rd nerve palsy. Evidence for a mes- 
encephalic lesion. Hopf, H. C.*, and Gutmann, 
L.: Neurology 40:1041, 1990. 


OCULOMOTOR NERVE PALSY, DIABETES 
MELLITUS, MESENCEPHALIC LESION 


Individuals with diabetes mellitus may devel- 
op third-nerve impairment, often with total or 
relative pupillary sparing. It has been generally 
accepted that the third-nerve palsy in diabetic 
individuals is caused by ischemia of the periph- 
eral portion of the nerve. In this study of 11 
consecutive adult patients with diabetes and 
isolated third-nerve palsies, eight of the pa- 
tients had pupillary sparing. Ten of the 11 
individuals had abnormal ipsilateral or bilater- 
al masseter reflexes indicative of mesencephalic 
dysfunction. Three patients had lesions of the 
ipsilateral oculomotor fasciculus, seen on mag- 
netic resonance imaging scans. Three addi- 
tional individuals subsequently developed mild 
brainstem signs. These findings suggest that 
isolated diabetic third nerve palsy with or with- 
out pupillary sparing is more likely to be caused 
by a focal mesencephalic infarct than a periph- 
eral nerve lesion.—Michael A. Kass 


*Neurologische Universitatsklinik, Langenbeckstr. 
1, D-6500 Mainz 1, Federal Republic of Germany. 


Early vitrectomy for severe vitreous hemor- 
rhage in diabetic retinopathy. Four-year re- 
sults of a randomized trial. Diabetic retinopa- 
thy study report 5. The Diabetic Retinopathy 
Vitrectomy Study Research Group*: Arch. 
Ophthalmol. 108:958, 1990. 


DIABETIC RETINOPATHY, VITREOUS 
HEMORRHAGE, VITRECTOMY 


Six hundred sixteen eyes with recent severe 
diabetic vitreous hemorrhage reducing visual 
acuity to 5/200 or less for at least 1 month were 
randomly assigned to either early vitrectomy or 
deferral of vitrectomy for 1 year. The propor- 
tion of eyes with visual acuity of 10/20 or 
better was higher in the early vitrectomy group 
than in the deferral group throughout the 4- 

“Year follow-up period. Up to the 18-month 
fy ty * visit, the early group had a higher proportion of 
abt si a 


‘ 
‘a “Th tar ‘ s 
+y P 
oyente aya, , 
a, + “4 i 


452 


eyes with visual acuity of no light perception. 
An increased chance of obtaining good vision 
with early vitrectomy was clearly present in the 
type I diabetes group, particularly in patients 
who developed severe vitreous hemorrhage af- 
ter less than 20 years of diabetes, a patient 
group tending to have more severe proliferative 
retinopathy. This advantage was not found in 
the type II diabetes group, in which patients 
were older and tended to have less severe reti- 
nopathy. The findings of this and previous 
Diabetic Retinopathy Vitrectomy Study reports 
support early vitrectomy in eyes known or sus- 
pected to have very severe proliferative diabetic 
retinopathy as a means of increasing the chance 
of restoring or maintaining good vision.— 
Authors’ abstract 


*National Eye Institute, National Institutes of 
Health, Bldg. 31, Rm. 6A10, Bethesda, MD 20892 
(Office of Biometry). 


Treatment of prolactin-secreting pituitary 
macroadenomas with the long-acting non- 
ergot dopamine agonist CV 205-502. Vance, 
M.L.*, Lipper, M., Klibanski, A., Biller, 
B. M. K., Samaan, N. A., and Molitch, M. E.: 
Ann. Intern. Med. 112:668, 1990. 


PITUITARY TUMOR, PROLACTIN 


Prolactin-secreting pituitary macroadenomas 
are usually treated with dopamine agonists 
such as bromocriptine. However, bromocrip- 
tine and the other commonly used dopamine 
agonists are ergot derivatives. They produce 
intolerable side effects in some patients and 
require frequent administration. 

CV 205-502 is a long-acting nonergot dopa- 
mine, (D) agonist. Twenty-six patients with 
prolactin-secreting pituitary adenomas were 
treated once daily for 24 weeks with CV 205- 
502. Serum prolactin levels decreased in all 
patients, and 15 of 24 patients (58%) attained 
normal levels. Tumor size decreased in 21 of 26 
patients (80.1%). The onset or return of regular 
menses occurred in 11 of 15 premenopausal 
women (73.3%), and sexual function improved 
in five of seven men (71.4%) with previous 
problems. One patient with a bitemporal hemi- 
anopsia and one with a third-nerve palsy im- 
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proved substantially during treatment. Treat- 
ment was associated with a number of side 
effects such as headaches, nausea, vomiting, 
and dizziness. However, the side effects were 
transient in most patients and were diminished 
by a reduction in dose. CV 205-502 should bea 
useful drug for the treatment of prolactinomas, 
especially in patients who cannot tolerate 
ergot-derivative dopamine agonists.—Michael 
A. Kass 


*Box 511, University of Virginia, Health Sciences 
Center, Charlottesville, VA 22908. 


Stereotactic heavy-charged-particle Bragg- 
peak radiation for intracranial arteriovenous 
malformations. Steinberg, G. K.*, Fabrikant, 
J. I., Marks, M. P., Levy, R. P., Frankel, K. A., 
Phillips, M. H., Shuer, L. M., and Silverberg, 
G. D.: N. Engi. J. Med. 323:96, 1990. 


INTRACRANIAL ARTERIOVENOUS 
MALFORMATIONS, HELIUM-ION RADIATION 


Heavy-charged-particle radiation has several 
advantages over protons and photons for the 
treatment of intracranial lesions. Heavy- 
charged-particle radiation has a favorable dis- 
tribution of the dose in the tissue, a small angle 
of lateral scattering, and a sharp distal falloff of 
the dose. Eighty-six patients with symptomatic 
but surgically inaccessible cerebral arteriove- 
nous malformations were treated with stereo- 
tactic helium-ion Bragg-peak radiation in doses 
varying from 8.8 to 34.6 Gy. Two years after 
treatment the rate of complete obliteration of 
the lesions, as detected angiographically, was 
94% for lesions smaller than 4.0 cm’, 75% for 
lesions of 4.0 to 25.0 cm, and 39% for those 
larger than 25.0 cm’. Major neurologic compli- 
cations occurred in ten patients. Ten patients 
had hemorrhages from residual malformations 
between four and 34 months after treatment. 
Seizures and headaches were reduced in most 
individuals. Heavy-charged-particle radiation 
is an effective treatment for symptomatic, surgi- 
cally inaccessible, intracranial arteriovenous 
malformations. The disadvantages of the thera- 
py include a prolonged latency period before 
complete obliteration of the vascular lesion and 
a modest chance of a serious neurologic compli- 
cation.—-Michael A. Kass 


*Stanford University, Division of Neurosurgery, 
5006, 300 Pasteur Dr., Stanford, CA 94305. 
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A thin 1-125 seed eye plaque to treat intraocu- 
lar tumors using an acrylic insert to precisely 
position the sources. Karolis, C.*, Frost, R. B., 
and Billson, F. A.: Int. J. Radiat. Oncology Biol. 
Phys. 18:1209, 1990. 


INTRAOCULAR TUMOR, CHOROIDAL MELANOMA, 
1-125 PLAQUE 


A thin re-usable stainless steel ophthalmic 
applicator is described. The radioactive Iodine- 
125 sources are inserted in an acrylic button 
which fits neatly into a stainless steel shell 1 
mm thick. The applicator can be assembled 
with the radioactive sources precisely posi- 
tioned without the use of adhesives or mechan- 
ical devices such as clamps or screws in a matter 
of a few minutes, (under sterile conditions if 
necessary). The applicator can be dismantled in 
seconds after which it is ready for cleaning and 
re-sterilization. The overall thickness of the 
plaque is 2.6 mm, but this has the potential to 
be reduced to 2.1 mm. Suture holes are provid- 
ed on a flange subtending 120 degrees around 
the circumference of the shell and are exactly 
matched on a stainless steel template.— 
Authors’ abstract 


*Radiation Oncology Physics and Engineering Ser- 
vices Pty. Ltd., 14 Lancaster Cr., Kingsford, N.S.W. 
2032, Australia. 


Preservation of injured lenses by microsurgi- 
cal treatment of capsular lesions. Indica- 
tions, techniques, results, and problems. 
Buschmann, W.*: Klin. Monatsbl. Augenheilkd. 
196:329, 1990. 


LENS PERFORATION, SURGICAL REPAIR 


In most cases if the lens suffers penetrating 
trauma a cataract develops. It is possible that 
the poor prognosis of lens injuries is caused by 
an insufficient level of fibrinogen in the anterior 
chamber to repair the wound. Twelve patients 
with perforations of the anterior lens capsule 
were treated in an attempt to save the lens. 
Under microsurgical control, air was injected 
into the anterior chamber, and then fibrinogen 
and thrombin were applied successively to the 
lens surface with a blunt cannula. Seven of the 
12 patients maintained good visual acuity. Pa- 
tients with penetrating trauma of the anterior 
and posterior capsules had a worse prognosis. 
Fibrinogen tissue adhesive was well tolerated, ` 


even after repeated applications to the lens: Ihe- _ 


ri 
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tissue glue caused a transient increase in intra- 
ocular pressure in some patients by obstructing 
the pupil or the anterior chamber angle.— 
Michael A. Kass 


*Universitatsaugenklinik Würzburg, MohnstraBe 11, 
D-8700 Wurzburg-Oberdtirrbach, West Germany. 


An index for estimating probabilities of surgi- 
cal success for cataract patients with retinal 
disease. Graney, M. J.*, Applegate, W. B., 
Miller, S. T., Elam, J. T., Gettelfinger, T. C., 
Wood, T. O., and Freeman, J. M.: J. Gerontol. 
Med. Sci. 45:M40, 1990. 


CATARACT EXTRACTION, VISUAL OUTCOME, 
RETINAL DISEASE 


Patients with cataracts and coincident retinal 
disease are at increased risk for unsuccessful 
cataract surgery. We developed a method for 
estimating probabilities of surgical success for 
older cataract patients with retinal disease. 
Using data from a prospective study of cataract 
surgery outcome, 36 patients with both cata- 
racts and retinal disease were identified, 13 of 
whom attained surgical success with 20/40 or 
better vision 4 months after surgery. Age, pre- 
surgical Snellen letter acuity, location of retinal 
lesions, and presurgical visual function in 
everyday life (newspaper reading or television 
viewing) were all reliable correlates of surgical 
outcome. These data were analyzed using mul- 
tiple logistic regression to develop a clinical 
index combining presurgical Snellen letter acu- 
ity, location of retinal lesions, and age to pre- 
dict surgical success. The resulting index dem- 
onstrated 83% sensitivity and 85% specificity 
in sample data, correctly predicting 83% of 
patients (predictive value positive: 73%; pre- 
dictive value negative: 90%).—Authors’ ab- 
stract 


*877 Madison Ave., Memphis, TN 38163. 


Light-evoked changes in the interphotore- 
ceptor matrix. Uehara, F., Matthes, M. T., 
Yasumura, D., and LaVail, M. M.*: Science 
248:1633, 1990. 


PHOTORECEPTOR, RETINAL PIGMENT 
EPITHELIUM, INTERPHOTORECEPTOR MATRIX 


The normal functioning of the vertebrate 
photoreceptor depends on numerous interac- 
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tions with the retinal pigment epithelium. The 
photoreceptor and retinal pigment epithelium 
interchange metabolites, catabolic by-prod- 
ucts, water, ions, and retinoids. Because there 
are no direct intercellular connections between 
the photoreceptors and the retinal pigment epi- 
thelial cells, many of the interchanges require 
the transfer of materials through the interpho- 
toreceptor matrix. The interphotoreceptor ma- 
trix is a complex substance that is not well 
understood. Studies in rats using histochemi- 
cal, immunocytochemical, and lectin probes for 
several interphotoreceptor matrix constituents 
disclosed that components of the matrix under- 
go a major shift in distribution or molecular 
conformation after the transition from light to 
dark. In the light, various matrix constituents 
concentrated in bands at the apical and basal 
regions of the outer segment. In the dark, these 
substances were distributed much more uni- 
formly. The change in matrix distribution was 
triggered by the light to dark transition and was 
not a circadian event. Changes in the interpho- 
toreceptor matrix may facilitate the transfer of 
substances between photoreceptors and the ret- 
inal pigment epithelium.—Michael A. Kass 


*Beckman Vision Center, University of California, 
San Francisco, CA 94143. 


Attentional modulation of neural processing 
of shape, color, and velocity in humans. Cor- 
betta, M., Miezin, F. M., Dobmeyer, S., Shul- 
man, G. L., and Petersen, S. E.*: Science 
248:1556, 1990. 


CEREBRAL LOCALIZATION, ATTENTION, POSITRON 
EMISSION TOMOGRAPHY SCANNING 


People can respond to only a small fraction of 
the sensory information available to them at 
any moment. The mechanism by which subjects 
can select specific stimuli and concentrate upon 
them has not been well studied. Nine normal 
subjects, aged 22 to 34 years, looked at a visual 
display consisting of a random distribution of 
small bars that fluctuated in shape, color, and 
velocity. At different times the subjects were 
told to concentrate on different aspects of the 
visual stimulus. Simultaneously the individuals 
underwent measurements of cerebral blood 
flow by positron emission tomography. When 
the subjects concentrated on different attri- 
butes of the visual display, different regions of 
the extrastriate visual cortex were activated. For 
example, when the subjects concentrated on 
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the color of the objects a bilateral response was 
noted in the lingual gyrus and in the lateral 
occipital gyri. Thus, attention enhances the 
activity of different regions of the extrastriate 
visual cortex that appear to be specialized for 
processing certain types of information. Fur- 
thermore, positron emission tomography may 
be a useful tool for studying visual processing 
in the human brain.—Michael A. Kass 


*McDonnell Center for Higher Brain Studies, Wash- 
ington University School of Medicine, St. Louis, MO 
63110. 


Effects of human growth hormone in men over 
60 years old. Rudman, D., Feller, A. G., Nagraj, 
H. S., Gergans, G. A., Lalitha, P. Y., Goldberg, 
A. F., Schienker, R. A., Cohn, L., Rudman, 
I. W., and Mattson, D. E.: N. Engl. J. Med. 
323:1, 1990. 


AGING, GROWTH HORMONE 


It has recently been proposed that decreased 
levels of growth hormone may contribute to a 
variety of aging changes. It is difficult to mea- 
sure 24-hour secretion of growth hormone di- 
rectly since it is secreted in pulses, mostly 
during sleep. Growth hormone secretion can be 
measured indirectly by quantifying the plasma 
concentration of insulinlike growth factor I 
(also known as somatomedin C), which is pro- 
duced by the liver and perhaps other tissues in 
response to growth hormone. 

Twenty-one healthy men, aged 61 to 81 years, 
who had plasma insulinlike growth factor I 
levels less than 350 U/l were randomly as- 
signed to no treatment or 0.03 mg/kg of body 
weight of biosynthetic growth hormone subcu- 
taneously three times a week. Over a six-month 
period of time, lean body mass in the treated 
group increased by 8.8% and adipose tissue 
decreased by 14.4%. Lumbar bone density in- 
creased 1.6% and skin thickness increased 
7.1%. None of these changes occurred in the 
untreated control group. These data suggest 
that exogenous growth hormone can reverse a 
variety of aging changes, including decreased 
lean mass, increased adipose tissue, and thin- 
ning of the skin.—Michael A. Kass 


Eosinophilia-myalgia syndrome associated 
with exposure to tryptophan from a singile 
manufacturer. Slutsker, L.*, Hoesly, F.C., 


Miller, L., Williams, L. P., Watson, J. C., and 
Fleming, D. W.: JAMA 264:213, 1990. 


TRYPTOPHAN, EOSINOPHILIA-MYALGIA 
SYNDROME 


Although eosinophilia-myalgia syndrome 
has been linked to use of tryptophan, it has 
been unclear whether tryptophan itself or a 
contaminant causes illness. In Oregon, we com- 
pared the brand and source of tryptophan used 
by 58 patients with eosinophilia-myalgia syn- 
drome with the brand and source of tryptophan 
used by 30 asymptomatic controls identified 
through a random telephone survey and 63 
asymptomatic controls who contacted the Ore- 
gon Health Division voluntarily. Although a 
single brand/retail lot of tryptophan was statis- 
tically associated with the development of eo- 
sinophilia-myalgia syndrome, there was no 
common importer, wholesaler, tablet maker, 
encapsulator, or distributor. However, 45 
(98%) of 46 cases had taken a product made by 
one manufacturer, compared with three (30%) 
of 10 telephone survey controls and 15 (48%) of 
31 volunteer controls. Retail lots of tryptophan 
from this manufacturer that were associated 
with cases were significantly more likely to 
have been produced from January through June 
1989 than lots from this manufacturer that were 
taken by controls. These findings indicate that 
the recent epidemic of eosinophilia-myalgia 
syndrome was caused by a contaminant or an 
alteration in a subset of tryptophan manufac- 
tured by a single company in Japan shortly 
before the outbreak began.—Authors’ abstract 


*Epidemiology Program Office, Division of Field Ser- 
vices, Centers for Disease Control, Atlanta, GA 
30333. 


International and interstate comparisons of 
homicide among young males. Fingerhut, 
L. A.*, and Kleinman, J. C.: JAMA 263:3292, 
1990. 


HOMICIDE RATE, YOUNG MALES, FIREARMS 


The homicide rate for males 15 through 24 
years of age in the United States was compared 
with the rates in 21 other developed countries. 
The U.S. homicide rate, 21.9 per 100,000, was 
more than four times higher than the next 
highest rate in Scotland (5.0). Most countries 
had rates that were between 1 and 3 per 
100,000. The lowest rates were in Japan and 
Austria, each with rates below 0.6 per 100,000 
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males 15 through 24 years of age. Three quar- 
ters of the homicides in the United States re- 
sulted from the use of firearms contrasted with 
less than a quarter of all homicides in the 
comparison countries. The U.S. homicide rate 
for black males 15 through 24 years of age 
(85.6) was more than seven times the rate for 
white males (11.2). In 1987 there were only four 
states that had homicide rates among white 
males that were as low as the rates among males 
in the comparison countries. The lowest state 
rate among young black males was still seven 
times the highest rate abroad. There are about 
4,000 homicides per year among young males 
in the United States. If the U.S. homicide rate 
could be reduced to that in the country with the 
next highest rate, more than 3000 lives would 
be saved.—Authors’ abstract 


*National Center for Health Statistics, 6525 Belcrest 
Rd., Rm. 1080, Hyattsville, MD 20782. 


Safety and efficacy of xenon in routine use as 
an inhalational anaesthetic. Lachmann, B.*, 
Armbruster, S., Schairer, W., Landstra, M., 
Trouwborst, A., Van Daal, G.-J., Kusuma, A., 
and Erdmann, W.: Lancet 335:1413, 1990. 


GENERAL ANESTHESIA, XENON 


Xenon offers many advantages over routinely 
used anesthetic gases in that it is nonexplosive, 
nontoxic, does not undergo biotransformation, 
and produces rapid induction and recovery 
from anesthesia. At a 70% concentration, its 
analgesic efficacy is superior to nitrous oxide. 
To date, however, there has been little experi- 
ence with this agent. 

Forty patients, class I or II by the American 
Society of Anesthesiologists system, who re- 
quired surgery were randomly assigned to xe- 
non or nitrous oxide. The total amount of fen- 
tanyl required was used as an index of the 
anesthetic potency of each agent. Patients in 
the xenon group required a mean of 0.05 mg of 
fentanyl as compared to 0.24 mg in the nitrous 
oxide group. The duration of anesthesia was 
similar in the two groups. Thorax-lung compli- 
ance fell in the nitrous oxide group, but not in 
the xenon group. It appears xenon is an effec- 
tive anesthetic agent that can be used safely for 
routine surgical procedures.—Michael A. Kass 


*Department of Anaesthesiology, Erasmus Universi- 
ty, Postbox 1738 (Room EE2393), 3000 DR Rotter- 
dam, The Netherlands. 


Effects of communitywide education on car- 
diovascular disease risk factors. The Stan- 
ford five-city project. Farquhar, J. W.*, Fort- 
mann, S. P., Flora, J. A., Taylor, C. B., Haskell, 
W. L., Williams, P. T., Maccoby, N., and Wood, 
P. D.: JAMA 264:359, 1990. 


CARDIOVASCULAR DISEASE, HEALTH EDUCATION 


To test whether communitywide health edu- 
cation can reduce stroke and coronary heart 
disease, we compared two treatment cities (N = 
122,800) and two control cities (N = 197,500) 
for changes in knowledge of risk factors, blood 
pressure, plasma cholesterol level, smoking 
rate, body weight, and resting pulse rate. Treat- 
ment cities received a 5-year, low-cost, compre- 
hensive program using social learning theory, a 
communication-behavior change model, com- 
munity organization principles, and social mar- 
keting methods that resulted in about 26 hours 
of exposure to multichannel and multifactor 
education. Risk factors were assessed in repre- 
sentative cohort and cross-sectional surveys at 
baseline and in three later surveys. After 30 to 
64 months of education, significant net reduc- 
tions in community averages favoring treat- 
ment occurred in plasma cholesterol level (2%), 
blood pressure (4%), resting pulse rate (3%), 
and smoking rate (13%) of the cohort sample. 
These risk factor changes resulted in important 
decreases in composite total mortality risk 
scores (15%) and coronary heart disease risk 
scores (16%). Thus, such low-cost programs 
can have an impact on risk factors in broad 
population groups.—Authors’ abstract 


*Center for Research in Disease Prevention, Stanford 
University School of Medicine, 1000 Welch Rd., Palo 
Alto, CA 94304. 


Neurofibromatosis 1 (Recklinghausen dis- 
ease) and neurofibromatosis 2 (bilateral 
acoustic neurofibromatosis). An update. 
Mulvihill, J. J.*, Parry, D. M., Sherman, J. L., 
Pikus, A., Kaiser-Kupfer, M. I., and Eldridge, 
R.: Ann. Intern. Med. 113:39, 1990. 


NEUROFIBROMATOSIS 


Neurofibromatosis consists of at least two 
different disorders that are inherited through 
genes on different chromosomes. The diagnosis 
of neurofibromatosis 1 is made if a person has 
two or more of the following: six or more 
café-au-lait spots over 5.0 mm in greatest diam- 
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eter in prepubertal persons and over 15.0 mm 
in greatest diameter in postpubertal persons, 
two or more neurofibromas of any type or one 
plexiform neurofibroma; freckling in the axil- 
lary or inguinal regions; optic nerve glioma; 
two or more iris hamartomas; osseous lesions; 
or a first-degree relative with neurofibromatosis 
1. The diagnosis of neurofibromatosis 2 is made 
if a person has either bilateral eighth-nerve 
masses or a first-degree relative with neurofi- 
bromatosis 2; and either a unilateral eighth 
nerve mass or two or more of the following: 
neurofibroma, meningioma, glioma, schwan- 
noma, or juvenile posterior subcapsular lentic- 
ular opacity. 

The most common ocular lesions seen in 
neurofibromatosis 1 include iris hamartomas 
(Lisch nodules), choroidal lesions, and glioma 
of the optic nerve or chiasm. Other common 
lesions include neurofibromas of the eyelids, 
conjunctiva, cornea, and orbit; thickening of 
the ciliary, corneal, and conjunctival nerves; 
melanocytic and neuronal hamartomas of the 
uvea, optic nerve, and retina; and glaucoma. 
The ocular manifestations of neurofibromatosis 
2 include posterior subcapsular lens opacities 
and sequela of central nervous system tumors, 
such as meningiomas.—Michael A. Kass 


*Department of Human Genetics, University of Pitts- 
burgh, Crabtree Hall A300, 130 DeSoto St., Pitts- 
burgh, PA 15261. 


Type 1 neurofibromatosis gene. identification 
of a large transcript disrupted in three NF1 
patients. Wallace, M. R., Marchuk, D. A., An- 
dersen, L. B., Letcher, R., Odeh, H.M., 
Saulino, A. M., Fountain, J. W., Brereton, A., 
Nicholson, J., Mitchell, A. L., Brownstein, 
B. H.*, and Collins, F. S.: Science 249:181, 
1990. 


NEUROFIBROMATOSIS 1 


Von Recklinghausen neurofibromatosis (NF1) 
is a common autosomal dominant disorder 
characterized by abnormalities in multiple tis- 
sues derived from the neural crest. No reliable 
cellular phenotypic marker has been identified, 
which has hampered direct efforts to identify 
the gene. The chromosome location of the 
(NF1) gene has been previously mapped geneti- 
cally to 17q11.2, and data from two (NF1) 
patients with balanced translocations in this 
region have further narrowed the candidate 
interval. The use of chromosome jumping and 
yeast artificial chromosome technology has 


now led to the identification of a large (13 
kilobases) ubiquitously expressed transcript 
(denoted NF1LT) from this region that is defi- 
nitely interrupted by one and most likely by 
both translocations. Previously identified can- 
didate genes, which failed to show abnormali 
ties in (NF1) patients, are apparently locatec 
within introns of NF1LT, on the antisense 
strand. A new mutation patient with NT1 has 
been identified with a de novo 0.5-kilobase 
insertion in the NFILT gene. These observa- 
tions, together with the high spontaneous mu- 
tation rate of NF1 (which is consistent with a 
large locus), suggest that NF1LT represents the 
elusive NF1 gene.—Authors’ abstract 


*Center for Genetics in Medicine, Washington Uni- 
versity School of Medicine, St. Louis, MO 63110. 


Immunohistologic abnormalities of the micro- 
fibrillar-fiber system in the Marfan syndrome. 
Hollister, D. W.*, Godfrey, M., Sakai, L. Y., and 
Pyeritz, R. E.: N. Engl. J. Med. 323:152, 7990. 


MARFAN’S SYNDROME, MICROFIBRILLAR FIBER 


Marfan’s syndrome is an inherited disorcer of 
connective tissue that involves many organ sys- 
tems, including the eye, heart, aorta, skeleton, 
skin, and lung. The pathogenesis of Marfan’s 
syndrome is not well understood, but a defect 
in elastin tissue is suspected. Microfibrillar fi- 
bers are an integral component of elastin as 
well as other tissues. To determine if there is a 
defect in the microfibrillar fiber system in Mar- 
fan's syndrome, indirect immunofluorescence 
studies of skin and cultured dermal fibroblasts 
were undertaken. Of 27 patients, 24 (88.9%) 
with Marfan’s syndrome had a decreased con- 
tent of microfibrillar fibers in their skin, cul- 
tured fibroblasts, or both. In contrast, only six 
of 25 patients (24%) with other heritable disor- 
ders of connective tissue and none of 13 normal 
subjects were classified as having Marfan’s syn- 
drome by these assays. These results document 
relatively specific abnormalities of microfibril- 
lar fibers in Marfan’s syndrome. Microfibrils 
appear to be an important component cf the 
zonules. Defects in the expression, structure, 
assembly, or degradation of the structural gly- 
coprotein or glycoproteins of microfibrils may 
be the cause of ectopia lentis and other abnor- 
malities of Marfan’s syndrome.—Michael A. 
Kass 


*Department of Pediatrics, University of Nebraska 
Medical Center, 600 S. 42nd St., Omaha, NE 68198- 
5430. 
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Winglets of the eye. Dominant transmission 
of early adult pterygium of the conjunctiva. 
Hecht, F.*, and Shoptaugh, M. G.: J. Med. 
Genet. 27:392, 1990. 


PTERYGIUM, AUTOSOMAL DOMINANT 
INHERITANCE 


The second author of this report is a member 
of a family in which 11 individuals have 
pterygia. Three family members had unilateral 
pterygia and eight had bilateral pterygia. The 
age of onset of the condition ranged from the 
late teens to the late 20s in all patients. The 
inheritance pattern appeared to be autosomal 
dominant. 

The affected family members included identi- 
cal twins. One twin had a relatively late onset 
of a left pterygium, whereas the other twin had 
an early onset of bilateral pterygia. This sug- 
gests that nongenetic factors altered the expres- 
sion of the genetic material.—Michael A. Kass 


*4134 McGirts Blvd., Jacksonville, FL 32210. 


Sclerokeratitis after keratoplasty in atopy. 
Lyons, C.J.*, Dart, J. K. G., Aclimandos, 
W. A., Lightman, S., and Buckley, R. J.: Oph- 
thalmology 97:729, 1990. 


SCLEROKERATITIS, KERATOPLASTY, ATOPY 


The authors report a series of five markedly 
atopic patients in whom a severe sclerokeratitis 
developed within 1 to 4 weeks of keratoplasty. 
The onset was acute with discomfort, photo- 
phobia, hyperemia, and mucus production. 
This resulted in early loosening of sutures and 
was associated with microbial keratitis in two 
cases and graft rejection in one. The inflamma- 
tory reaction was controlled with high-dose 
oral steroids and did not recur when the treat- 
ment was terminated. Serum IgE levels were 
elevated in all these patients (range, 421-8434 
kU/L). Binding of this IgE onto the surface of 
mast cells in the conjunctiva with subsequent 
degranulation may be involved in the patho- 


genesis of the induced inflammation. Principal 
recommendations include the use of interrupt- 
ed sutures and early immunosuppression with 
high-dose oral steroids at the onset of this 
condition together with the control of risk fac- 
tors for microbial keratitis.—Authors’ abstract 


*Moorfields Eye Hospital, City Rd., London EC1V 
2PD, England. 


Evaluation of ocular hypersensitivity to dipi- 
valyl epinephrine by component eye-drop 
testing. Petersen, P. E., Evans, R. B., John- 
stone, M. A., and Henderson, W. R., Jr.*: J. 
Allergy Clin. Immunol. 85:954, 1990. 


DIPIVEFRIN, TOPICAL SENSITIVITY 


Dipivalyl epinephrine (dipivefrin) is a pro- 
drug of epinephrine used for the topical treat- 
ment of glaucoma. About 20% of patients treat- 
ed with long-term dipivefrin develop local side 
effects including conjunctival hyperemia, for- 
eign body sensation, and follicular conjunctivi- 
tis. Five patients who had developed adverse 
local reactions to dipivefrin in the past were 
enrolled in the study. Commercial preparations 
of dipivefrin contain dipivefrin 0.1%, mannitol 
1.89%, sodium metabisulfite 0.075%, disodium 
edetate 0.0127%, and benzalkonium chloride 
0.004%. Since each of these agents could cause 
local reactions, the patients were patch tested 
to each ingredient. All patch tests were nega- 
tive. Sterile ophthalmic solutions of each indi- 
vidual component at the concentrations used in 
the commercial product were then prepared. In 
a double-masked study, the patients applied 
two drops of each preparation twice daily for 
one week, with a one-week, drug-free period 
between trials. Only dipivefrin reproduced 
each patient's initial adverse response. This 
study indicates that testing with single-com- 
ponent eyedrops can identify the provocative- 
component in ocular drug hypersensitivity.— 
Michael A. Kass 


*Department of Medicine, SJ-10, University of Wash- 
ington, Seattle, WA 98195. 








NEWS ITEMS 


Send News items to 
American Journal of Ophthalmology 
435 N. Michigan Ave., Suite 1415 
Chicago, IL 60611 
The Journal invites readers to submit announcements 
concerning meetings, postgraduate courses, lectures, 
honors, and appointments. Each item must be typed 
double-spaced on bond paper with 112-inch margins. 
Only one news item should be submitted on each page. 
Announcements concerning meetings and courses must 
contain the title, location, dates, sponsors, and address 
required for additional information. Each item must not 
exceed 75 words in length and be prepared in narrative, 
not outline, form. Announcements of meetings and cours- 
es must be received at least four months before the event. 


Canadian Implant Association: Winter 
Workshop 


The Canadian Implant Association: Winter 
Workshop will be held Dec. 27-29, 1990, at the 
Diplomat Resort Hotel in Hollywood, Florida. 
The themes for the Workshop include cataract 
and implant surgery, keratorefractive surgery, 
oculoplastic surgery, and contact lenses. For 
further information, write Marvin L. Kwitko, 
M.D., Program Chairman, 5591 Cote des 
Neiges Rd., Montreal, Quebec, Canada H3T 
1Y8; telephone (514) 735-1133. 


Cullen Eye Institute, Baylor College of 
Medicine: The Cullen Course 1991-Clinical 
Advances in Ophthalmology for the 
Practicing Ophthalmologist 


The Cullen Eye Institute, Baylor College of 
Medicine: The Cullen Course 1991-Clinical 
Advances in Ophthalmology for the Practicing 
Ophthalmologist will be held March 15-17, 
1991, at the Houstonian Hotel & Conference 
Center in Houston, Texas. For further informa- 
tion, write Lila Lerner, Office of Continuing 
Education, Baylor College of Medicine, One 
Baylor Plaza, Houston, TX 77030; telephone 
(713) 798-6020. 


Manhattan Eye, Ear & Throat Hospital: 
Masters of the Macula Course 


The Department of Ophthalmology of the 
Manhattan Eye, Ear & Throat Hospital will hold 
a course, The Masters of the Macula, in New 


459 


York City on Jan. 12, 1991. For further informa- 
tion, write Kimberly Corbin, Course Coordina- 
tor, Department of Ophthalmology, Manhattan 
Eye, Ear & Throat Hospital, 210 E. 64th St., 
New York, NY 10021; telephone (212) 605- 
3761. 


University of Missouri-Kansas City Schoo! 
of Medicine: Excimer Laser Course 


The University of Missouri~Kansas City 
School of Medicine will hold a course on the 
excimer laser, refractive and therapeutic, at the 
Eye Foundation of Kansas City on Dec. 8 and 9, 
1990. For further information, write John W. 
Irvine, M.D., Eye Foundation of Kansas City, 
2300 Holmes, Kansas City, MO 64108; tele- 
phone (816) 881-6150. 


University of North Carolina-Chapel Hill: 
Ophthalmology Residents’ Day 


The Department of Ophthalmology at the 
University of North Carolina will hold Oph- 
thalmology Residents’ Day on Saturday, Dec. 1, 
1990. For further information, write Ms. 
Christine C. Cotton, Department of Ophthal- 
mology, CB #7040, 617 Clinical Sciences Build- 
ing, University of North Carolina, Chapel Hill, 
NC 27599-7040; telephone (919) 966-5296. 


Minnesota Academy of Ophthalmology: 
1990-1991 Officers 


The Minnesota Academy of Ophthalmology 
elected the following officers for 1990-1991: 
president, William J. Slack; president-elect, 
Richard P. Carroll; secretary, Martin B. Kaplan; 
and treasurer, Rene W. Pelletier. 


san Diego County Ophthalmological 
Society: 1990-1991 Officers 


The San Diego County Ophthalmological So- 
ciety elected the following officers for 1990- 
1991: president, Robert N. Weinreb; vice- 
president, Paul Tornambe; secretary, John 
Bokosky; and treasurer, Dan Terhorst. 


Ocular Microbiology and Immunology Group: 
Board of Directors 


The Ocular Microbiology and Immunology 
Group newly elected Board of Directors is as 
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follows: Gilbert Smolin, executive secretary; 
Jules L., Baum, president; Mitchell Friedlaender, 
president-elect and treasurer; Denis M. O'Day, 
director and secretary; and Dan B. Jones, imme- 
diate past president. 


Personals 


Newton Kara Jose 


Newton Kara Jose, of São Paulo, Brazil, re- 
ceived the 1990 Lions Club International Hu- 


October, 1990 


manitarian Award at the 73rd Annual Lions 
Club Convention in St. Louis, Missouri. 


George W. Weinstein 


George W. Weinstein will succeed George E. 
Garcia as president of the American Academy 
of Ophthalmology, Jan. 1, 1991. Froncie A. 
Gutman has been nominated, by the board of 
directors, as president-elect to succeed Dr. 
Weinstein. 
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LORENZ E. ZIMMERMAN 


In this issue THE JOURNAL publishes letters of tribute and some articles dedicated to 
Lorenz E. Zimmerman on the occasion of his 70th birthday. Many other physicians 
expressed the wish to convey publicly their homage and congratulations to “Zim” on 
this festive occasion, but space limitations prevented us from printing them all. 

We have to go back a long time to find another nonophthalmologist who 
contributed as much to clinical ophthalmology as our Zim. Helmholtz comes to 
mind, who found the key to unlock the secrets of the interior of the eye. Similarly, 
Zim unlocked the secret of many ocular diseases, by establishing the correct 
histologic interpretation, and revealing the nature of the clinical picture thereby 
opening the door to a purposeful and logical treatment. Following are some 
examples: the extraction of a hypermature cataract in phacolytic glaucoma, the 
removal of lens remnants in a phacoanaphylactic reaction, the surgical treatment of 
contusion angle glaucoma, the critical assessment of the value of enucleating an eye 
with a choroidal melanoma, the nature of trilateral retinoblastoma, and the benign 
variety of retinoblastoma. There are many more. 

Zim is not only a superb pathologist who knows a great deal about ophthalmology 
and a splendid investigator, but also a great teacher and an excellent lecturer. 

Practically all American ocular pathologists under 50 years old are directly or 
indirectly his pupils. Additionally, Zim trained the cream of ocular pathologists in 
South America, Europe, and Asia. His lectures are characterized by the logic of his 
presentation, the clarity of his thought process, and the eloquence of his rhetorical 
gifts. 

On this festive occasion ophthalmology in general and American ophthalmology 
in particular express appreciation and gratitude to our Zim. 

Ad multos annos. 

FREDERICK C. BLODI, M.D. 
Iowa City, lowa 
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It is a pleasure for me to participate in this 
celebration in honor of the 70th birthday of my 
friend and fellow Scorpio, Lorenz E. Zimmer- 
man. 

Our friendship began 37 years ago when I 
returned to Washington to enter practice after 
my residency in Philadelphia. I was introduced 
to Zim at the old Episcopal Eye, Ear & Throat 
Hospital after an evening of clinicopathologic 
correlations. Since then Zim has been my 
teacher, consultant, co-author, and partner on 
the tennis court. I am grateful to him for all of 
this. 

Several outstanding events have occurred in 
my professional relationship with Zim and it is 
appropriate to relate them here. Early in my 
career, while working in our local glaucoma 
clinic, I developed a simple technique to photo- 
graph the anterior chamber angle through a 
Koeppe gonioscopic lens. By good fortune, I 
photographed a number of patients with post- 
traumatic unilateral glaucoma with angle reces- 
sion. I did not recognize the anatomy of the 
angle recession and thought that it may be a 
scarred cyclodialysis cleft, which occurred fol- 
lowing trauma. Seeking an answer to the puz- 
zling association of abnormal anatomy in uni- 
lateral glaucoma, I took the photographs to the 
Armed Forces Institute of Pathology for consul- 
tation with Dr. Zimmerman. I asked him if he 
could match my findings with pathologic speci- 
mens. He immediately pulled out the yet-to-be- 
published material that he and Stewart Wolff 
had gathered, which they eventually published 
as the first histopathologic description of angle 
recession glaucoma. My puzzle was solved! 

This is only one of many examples of Zim’s 
invaluable help to me in correlating the clinical 
findings with pathology. He also encouraged 
me to present my material to the Academy, 
which was the first paper that I read before a 
national society. 

On another occasion, Zim, Col. Francis La- 
Piano, and I were in the process of preparing a 
course for the Academy when we discovered 
that the three of us were born under the sign of 
Scorpio. Upon looking up the horoscope for 
that day we read, “You need more work. Work 
harder and you may succeed.” Zim has certain- 
ly worked hard and has attained success far 
beyond his chosen field. He is revered by his 
students, colleagues, and friends. 
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Happy 70th birthday, Zim, and best wishes 
for many years to come. 

MELVIN G. ALPER, M.D. 

Chevy Chase, Maryland 


It is a privilege to have this opportunity to 
congratulate Lorenz Zimmerman on his 70th 
birthday and to pay tribute to his outstanding 
achievements in ophthalmic pathology. 

His career and mine have been so closely 
paralleled, even entwined, that I am ina special 
position to recognize his remarkable contribu- 
tions to the study of eye disease, which when he 
entered the field in 1953 was limited in scope. 
With few exceptions, it was a histologic hobby, 
rigidly encapsulated in ophthalmology and so 
sealed off from general pathology; locked up, as 
it were, in a Pandora’s Box of ocular ills, where- 
in a wealth of opportunities for original obser- 
vations awaited the person with the right key. 
Zim had that key, made with the metal of his 
wide experience in general pathology, his tire- 
less energy, and his inquiring mind. A glance at 
his formidable list of publications shows that 
before specializing in ophthalmic pathology he 
had published papers on morbid anatomy, en- 
docrinology, biochemistry, mycology, bacteri- 
ology, parasitology, and histology. With this 
scholarly background he was ahead of his con- 
temporaries in ophthalmic pathology even be- 
fore he arrived! 

While he applied this broadly based knowl- 
edge to studies of the eye, he became increas- 
ingly interested in ocular neoplasms. Of central 
importance is his continuous work on pigment- 
ed tumors, notably uveal melanomas. He is 
famous for his histologic classifications with 
respect to prognosis, as evidenced in his Head- 
ship of the World Health Organization Collabo- 
rating Centre for the Histological Classification 
of Tumours of the Eye and Its Adnexa. His quest 
for greater and greater knowledge of these 
tumors led to Zim’s recent pioneering work and 
iconoclastic view on the established role of 
enucleation in therapy. 

His eminence in international ophthalmolo- 
gy is also due to his perfectly illustrated courses 
and to his postgraduate student training, both 
of which established a Mecca at Bethesda; to his 
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numerous eponymous lectures, including the 
Bowman Lecture in London; to his regular at- 
tendances at scientific meetings, however far 
away they may be, so that his rare absences 
would seem to render them unconstitutional; to 
his continued organization of the Ophthalmic 
Registry; and to his rich contributions to oph- 
thalmic literature. 

It is difficult to overestimate the importance 
of Zim’s work and he will always be an impor- 
tant figure in the evolution of eye pathology, 
but today the scene is shifting. New and highly 
complex techniques (littered with acronyms 
comprehensible only to the initiated) in molec- 
ular biology, genetics, and immunology are 
emerging, all of which are highly relevant to 
eye disease. No longer can one person hope to 
bestride the disciplines, and the specialty of 
ophthalmic pathology must expand to include 
experts in these growing areas, or it will sink 
back into the deep freeze of conventional his- 
tology, a tendency that is unfortunately encour- 
aged by ophthalmic pathology societies 
throughout the world. 

Dear Zim, in this penultimate pleasant phase 
of our lives, spent happily poised between post- 
maturity and presenility, we can look back with 
satisfaction and claim that in our time we to- 
gether covered ophthalmic pathology from A to 
Z (in that order because I preceded you by five 
years!) but on this special occasion I should say 
from Z to A. 

Congratulations on your birthday and con- 
gratulations also to Stasch for her love and 
support in your admirable career. 

ProFessOR NORMAN ASHTON 
London, England 


We are all aware that one of the most signifi- 
cant advances in ophthalmology during the 
past 50 years has been the extraordinary devel- 
opment of ophthalmic pathology. Lorenz E. 
Zimmerman is undoubtedly one of the main 
contributors to this subspecialty. I am honored 
to highlight some of the many aspects of the 
strong link between Dr. Zimmerman and Latin 
American ophthalmology. 

Dr. Zimmerman’s first fellow in Ophthalmic 
Pathology was Dr. Sadi de Buen of Mexico who 
remained at the Armed Forces Institute of Pa- 
thology for three years. They traveled together 
to the Pan-American Congress of 1956, held in 
Santiago de Chile, where they had an exhibit 
on granulomatous inflammation of the eye. On 


that occasion, Dr. Zimmerman stated that he 
was most impressed with Latin American oph- 
thalmology. His relationship with Latin Ameri- 
ca since then has been strengthened by his 
membership on the Pan-American Association 
of Ophthalmology Board of Directors and his 
honorary membership in the national societies 
of Chile, Brazil, and Peru. He has been a Pan- 
American Association of Ophthalmology Visit- 
ing Professor in Colombia, Peru, Chile, Argen- 
tina, and Brazil. 

In 1970, in response to the great demand for 
scientific exchange among all ocular patholo- 
gists of the Continent, the Pan-American Socie- 
ty of Ophthalmic Pathologists (the first satellite 
society of the Pan-American Association of 
Ophthalmology) was formed. Dr. Zimmerman 
played an important role in the organization of 
this ophthalmic pathology society and served 
as its president from 1980 to 1986. 

When the basic science of ophthalmic pathol- 
ogy was in its infancy south of the Rio Grande, 
Dr. Zimmerman attracted many young ophthal- 
mologists to this field. Because of his support, 
many of them were accepted for training in 
North American ocular pathology laboratories. 
Dr. Zimmerman helped to train several Latin 
American ophthalmic pathologists at the 
Armed Forces Institute of Pathology, most of 
whom returned to their native countries and 
contributed to the local development of oph- 
thalmology. 

Dr. Zimmerman has contributed so much to 
the basic sciences of ophthalmology, in giving a 
strong scientific background to this clinical and 
surgical discipline. Among the ophthalmic pa- 
thologists of Latin America, he is considered to 
be the Great Professor because of all that he has 
taught and because of his humanity. 

For his guidance, help, and encouragement, I 
say: “Gracias, muchas gracias, Dr. Zimmer- 
man.” 

FRANCISCO CONTRERAS, M.D. 
Lima, Peru 


To identify Dr. Zimmerman’s greatest contri- 
bution is difficult but I believe his role in 
producing a lineage of academic ophthalmic 
pathologists must rate right at the top. Who’s 
who in ophthalmic pathology were trained by 
Zim. His scientific contributions are legendary, 
spanning the full spectrum of ophthalmology. 
He has always been a tireless scientist with the 
rare talent to hone in on what is important. He 
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has given his time and talents to anyone inter- 
ested in ocular pathology. Regardless of the 
individual’s level of education or position, Dr. 
Zimmerman would help simplify a complex 
subject, bringing it new life and clarity. Dr. 
Zimmerman’s lectures are classics, highly or- 
ganized, and superbly presented. 

Zim’s love of pathology is almost equal to his 
love of tennis: an excellent athlete, avid com- 
petitor but always a gentleman. 

The ophthalmic pathologists at the Oregon 
Health Sciences University join with me in 
expressing admiration and respect for Dr. 
Lorenz Zimmerman. It is a privilege for all of us 
to add thanks and congratulations for a life of 
continuing achievement. 

FREDERICK T. FRAUNFELDER, M.D. 
Portland, Oregon 


The invitation to write in honor of Dr. Zim- 
merman aroused mixed feelings in me for, 
while it is a real privilege and joy to salute a 
man of such distinction, it is also difficult for 
me to do justice to his talents and I find it a 
daunting task. Others, better informed than 
me, can document his enormous contribution 
to ophthalmic pathology; I will confine myself 
to some personal observations. 

When I came into the field from a background 
in general pathology in the 1960s, Lorenz Zim- 
merman was firmly established as the final 
court of appeal in disputes concerning difficult 
histopathologic diagnoses. “Hogan and Zim- 
merman” was the bible and a second opinion 
from Zim was rarely disputed. It was with some 
trepidation, then, that I met him for the first 
time during a brief visit to the Armed Forces 
Institute of Pathology in 1970. He had several 
things to say to me but what I remember most 
vividly was his response when I regretted my 
lack of training in clinical ophthalmology. He 
chose to disagree and was quick to defend the 
special contribution that those with a base in 
general pathology had to make. His own activi- 
ties, of course, bear eloquent testimony to this 
view but, as a newcomer to ophthalmic pathol- 
ogy, I found his remarks both encouraging and 
challenging. 

Subsequently I came to appreciate his ability 
and clear thinking much more. Dr. Zimmerman 
is famous for his strong opinions, presented 
with vigor and conviction such as to deter all 
but the most resolute dissenter, and yet I have 
always found him willing to consider and re- 


spect alternative views provided they are se- 
curely rooted in fact and logic. 

My respect for Dr. Zimmerman as a patholo- 
gist has been of the highest order from the 
outset but it was not until I was a guest at the 
Verhoeff Society meeting in Washington, D.C., 
in 1984 that I came to see his persona! side 
more clearly. The meeting over, my wife and I 
had planned to stay on in the hotel for a few 
days to enjoy some sightseeing. But both Stasch 
and Zim were adamant that we were not to do 
that, we were to move our bags into their home 
and stay with them. Their hospitality was un- 
limited and we came to see the kindness and 
generosity of spirit that complement Zim’s pro- 
fessional qualities. 

He is a man I am proud to know and I find real 
pleasure in being able to share in this 70th 
birthday tribute. 

ALEC GARNER, M.D. 
London, England 


Several thousand practicing ophthalmolo- 
gists from across the nation and abroad have 
attended courses given by Dr. Lorenz Zimmer- 
man. Those of us fortunate enough to practice 
within a radius of 15 miles of the Armed Forces 
Institute of Pathology know him as an enthusi- 
astic participant for the past 36 years in a wide 
variety of local seminars, lectures, and grand 
rounds. Indeed, as his fame spread and the 
demands on his time grew, his pleasure in 
teaching residents, fellows, and practicing phy- 
sicians at the local level amazingly increased. 

Together with his great energy and high level 
of organization, Zim has a very upbeat outlook 
and keen interest in nearly every aspect of 
human endeavor. 

When I first met Zim at the Armed Forces 
Institute of Pathology, I did not realize that he 
was a professional colleague whom I would be 
privileged to know as a member of the Wash- 
ington Hospital Center Department of Oph- 
thalmology teaching staff and also as a much 
valued friend for more than 30 years. 

Zim, thank you for your extraordinary devo- 
tion to our neuro-ophthalmology grand rounds, 
to our Tuesday morning ophthalmic pathology 
sessions with the residents, for your freely 
offered and gratefully accepted consultations 
on ocular tumor cases of all types, and for your 
close friendship with the staff and residents in 
our training program. 
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Congratulations to you on your 70th birth- 
day. 

WILLIAM B. GLEW, M.D. 

Washington, D.C. 


It is easy for me to write a brief appreciation 
of Lorenz E, Zimmerman, because my feelings 
about him are so positive and unconflicted. Zim 
instantaneously became a role model for me, as 
he has been for so many trainees in ophthalmic 
pathology, when I did my fellowship at the 
Armed Forces Institute of Pathology in the 
mid-1970s-—one of the happiest periods in my 
life. The mental image of Zim that I carry with 
me from that time, and which I have never had 
cause to alter, is of an uncommonly disciplined, 
kind, productive, honest, patient, and tolerant 
leader who always seemed so much better than 
the rest of us could ever hope to be. These 
human qualities and his intellectual achieve- 
ments entitle him now, and for the foreseeable 
future, to be regarded as the undisputed primus 
inter pares in the world of ophthalmic patholo- 
gy. It is a tribute to his vitality and undying 
interest in his field that he remains active at age 
70, still undiminished in his intellectual capa- 
bilities and much in demand by his colleagues 
for lecturing and scientific collaboration. 

I have met no one in my 20 years in ophthal- 
mology (one should realize that Zim is by 
training a general pathologist) who better ex- 
emplifies the highest traditions of vision sci- 
ence research. I can think of no one with whom 
I have worked directly who has had more salu- 
tary impact on ophthalmic education or whose 
pathologic research has had a more profound 
impact on patient care. Zim took the study of 
ophthalmic pathology from an embryonic sub- 
specialty to the heights of professionalism, spe- 
cialization, and sophistication. His intellectual 
progeny are now ensconced in most of the 
major universities of the United States, and 
indeed around the world. While some leaders in 
their fields are threatened by the most talented 
young people they have trained, Zim has exhib- 
ited the trait of promoting their careers at every 
turn. His scientific work will endure, unques- 
tionably, but his influence on other people will 
be his most pervasive legacy. 

When I am in a difficult professional or scien- 
tific situation, I sometimes ask myself, “How 
would Zim handle this?” I have never met 
anyone who has been better able to teach by 
example than Zim, nor have I ever met anyone 


in my professional life who has displayed so 
little slippage between his convictions and his 
practices, 

Zim and his lovely wife Stasch have a special 
place in the hearts of his trainees, collabora- 
tors, and compeers. We will never be able to 
repay all of their kindnesses and many memora- 
ble experiences (Stasch being the doyenne of 
the social side of American ophthalmic pathol- 
ogy). My hope, however, is that we can all give 
back in a small way to others what Zim and 
Stasch have so generously given to American 
and international ophthalmology during his 
career. 

I am persuaded that character is destiny, and 
that Zim has resolved in his own distinctive 
way the tragic Goethean dilemma: perfection of 
the work or perfection of the life. I do not mean 
to imply in a transport of panegyrics that Zim is 
perfect or anything but flesh and blood, yet it is 
my clear impression that he has produced a 
masterpiece in each domain. His personal and 
professional lives have been a parable of 
strength, decency, and accomplishment. May 
he, his family, and the colleagues whose lives 
he has brightened and enriched have many 
more years together! 

FREDERICK A. JAKOBIEC, M.D. 
Boston, Massachusetts 


In the early stages of my career, I was ex- 
tremely interested in the writings of Dr. Lorenz 
Zimmerman in the second edition of Ophthal- 
mic Pathology, the “blue book,” which he co- 
authored. The impact of the knowledge I had 
gained induced me to leave my native land of 
Korea and study under his tutelage at the 
Armed Forces Institute of Pathology during 
1965 and 1966. 

The genius of this remarkable man was clear- 
ly evident in his inspired teaching, and in his 
important and extensive research. His inter- 
changes with us encompassed not only the field 
of ophthalmic pathology, but medical science 
as a whole, as we learned to evaluate and 
diagnose difficult cases that included world- 
wide referrals. His straightforward, precise, 
and fastidious approach did not permit the 
neglect or oversight of even a single cell as we 
examined each specimen. Under Dr. Zimmer- 
man, we learned the necessity of the drudgery 
and diligence inherent in research, as well as 
the importance of accuracy and inclusiveness. 

More recently, Dr. Zimmerman has made an 
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outstanding contribution to the International 
Histologic Classification of the Tumors of the 
Eye and Its Adnexa. This arduous and impor- 
tant classification was undertaken and complet- 
ed under his capable leadership. 

In 1983, Dr. and Mrs. Zimmerman made a 
brief visit to Korea, which will long be remem- 
bered by the ophthalmologists and general pa- 
thologists of that country. The passion and 
enthusiasm with which he delivered a series of 
lectures, on his most recent investigations, 
provided encouragement and stimulation to all 
who were present. Dr. Zimmerman had last 
been in the country during the earlier stages of 
the Korean War when he served under General 
Douglas McArthur. During his recent visit, he 
was amazed and astonished at the extent of the 
postwar reconstruction and ensuing industrial 
growth. 

World ophthalmologists might well acclaim 
Lorenz E. Zimmerman as Fuchs’s successor in 
ophthalmic pathology. Dr. Zimmerman’s con- 
tinued vigorous involvement in this important 
medical specialty is both gratifying and fortui- 
tous. 

Dr. Zimmerman, we wish you many, many 
more happy and healthy years and we wish to 
express the admiration and warm friendship of 
your followers in the “World Village.” 

BON SOOL KOO, M.D. 
Seoul, Korea 


I am astonished at how well I remember when 
Zim and I first met 38 years ago. He was a 
weekly visitor and special guest lecturer to the 
Wilmer Institute, and I was a member of the 
first-year house staff. Zim’s lively interaction 
with Ed Maumenee and the clinical staff had a 
special flavor primarily because of the extraor- 
dinary way he brought his broad understanding 
of general pathology to bear on the highly 
specialized aspects of ophthalmic pathology. 
From his interaction with clinical ophthalmolo- 
gy in those early days, he has become the 
consummate interpreter of the underlying path- 
ologic mechanisms of ocular disease. 

Of comparable importance to his achieve- 
ments as a scientist has been Zim’s success in 
educating recent generations of ophthalmic pa- 
thologists. Those he trained personally or who 
were stimulated by his example now populate 
departments of ophthalmology worldwide and 
bring to our specialty the scientific basis so 
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necessary for better diagnosis and treatment. 
Not only has he had a profoundly positive 
effect on American ophthalmology but his in- 
fluence has resulted in the betterment of oph- 
thalmic practice in many parts of the globe. 
Zim, it gives me particular personal pleasure 
to salute your global contributions to ophthal- 
mic pathology and clinical ophthalmology in 
this special tribute. 
CARL KUPFER, M.D. 
Bethesda, Maryland 


In 1983, when I accepted the post of chairman 
at the Center for Sight at Georgetown Universi- 
ty and began the process of rebuilding the 
Department, I turned to my old friend and 
mentor Dr. Lorenz Zimmerman for advice re- 
garding the position of Director of Ophthalmic 
Pathology at Georgetown. Much to my surprise 
Dr. Zimmerman indicated that he might be 
interested in a faculty appointment as he re- 
tired from full-time duties at the Armed Forces 
Institute of Pathology. Needless to say, I was 
delighted that Dr. Zimmerman chose to join our 
faculty at Georgetown. 

Dr. Zimmerman has brought to us not only 
his prodigious amount of knowledge in oph- 
thalmic pathology but also his sense of high 
purpose, high academic standards, and an un- 
failing sense of good will and good humor 
toward all of his colleagues. His stimulat- 
ing presentations and discussions at grand 
rounds, the small group teaching sessions with 
residents, his encouragement and participation 
in faculty academic projects, and his marvelous 
example as teacher, scholar, and friend have 
been a source of inspiration to all of us. While 
the entire ophthalmic community has benefited 
enormously from Zim’s contributions over the 
years, we here at Georgetown feel especially 
privileged to have him as our colleague and 
mentor. On behalf of all of the faculty here at 
Georgetown we wish Dr. Zimmerman all good 
things on the occasion of his 70th birthday and 
look forward to many more years of fruitful 
association. 

MICHAEL A. LEMP, M.D. 
Washington, D.C. 


Throughout his life Lorenz Zimmerman has 
demonstrated the will to discover—to go 
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beyond the limits of convention—to explore, 
Zim has shown us that happiness and success 
are not gifts bestowed upon us without labo- 
rious and conscious effort. Throughout his 
time in ophthalmology he has contradicted 
dogma and tried to provide a fresh look to old 
problems. His research has been fastidious, 
responsible, and voluminous. He has trained 
many of today’s leading ophthalmic patholo- 
gists through instruction and example. 

Zim has always represented to me the sophis- 
ticated tennis player; one who knows the sub- 
tleties that enable a smart player to beat a 
younger, faster, and harder hitting opponent. 
He has demonstrated ways to save one’s legs, 
compensate for short wind, sore arms, and 
backs. In other words, to use one’s head to save 
one’s strength, but mostly to enjoy the game. 
He made tennis a polite and friendly experi- 
ence. 

Zim, you have made life a little better for all 
who have been fortunate enough to be your 
friends. 

IRVING H. LEOPOLD, M.D. 
Irvine, California 


I have known Dr. Zimmerman since 1964 
when he first came to Buenos Aires as Visiting 
Professor of the Pan-American Ophthalmologi- 
cal Association. Since then, we have met on 
many occasions, in many parts of the world. In 
1978 and again in 1986 he was the guest of 
honor at the X and XVI courses of the Fundacion 
Oftalmologica Argentina Jorge Malbran. 

His place as a renowned scientist, prolific 
author, and willing teacher is recognized 
worldwide. As a result of Dr. Zimmerman’s 
pioneer work, ocular pathology has achieved 
the high level it presently enjoys. In my opin- 
ion, Dr. Zimmerman’s most important contri- 
bution is that while always observing strict and 
reflexive scientific principles, he has introduced 
pragmatism into the field. This is supported by 
anatomic-clinical correlations, which take into 
account not only the histologic characteristics 
of disease, but also new methods of examina- 
tions to detect them, as well as advice for valid 
therapeutic criteria based on the natural history 
of ocular diseases. 

His contribution to ophthalmic literature, in- 
cluding lectures, books, and papers (some clas- 
sics), is outstanding. By classic, I mean a work 
that has enriched the imagination, enhanced 


the intellect, and that which is deeply and 
intrinsically human. Lorenz Zimmerman, the 
scientist, is an individual whose bearing and 
domain allow him to move naturally in differ- 
ent environments. His is a charismatic person- 
ality. His capacity for work and his methodolc- 
gy reflect his belief that time is too precious io 
be wasted. Even so, he has found time for sporis 
and is an outstanding tennis player. His un- 
breakable determination to win is matched by 
his sense of humor and sportsmanship. 

I have not only a deep feeling of friendshiv 
for him, but I appreciate the support he has 
always given to us. 

It gave me great satisfaction to have Lorenz 
Zimmerman deliver the Fourth Jorge Malbran 
Memorial Lecture and receive the Jorge Mal 
bran Gold Medal Award for excellence in oph- 
thalmology. 

Zim, I wish you a very happy and young 70th 
birthday in the company of your family, espe- 
cially your charming wife, Stasch, to whom | 
also dedicate these lines. 

ENRIQUE S. MALBRAN, M.D 
Buenos Aires, Arxet.tine 


The luck of the Irish operated the first time : 
met Zim. I became interested in ocular patholo 
gy in the early 1960s when our Minis:ry of 
Health offered to set up a National Eye Patholo- 
gy Centre in the Eye and Ear Hospital in 
Dublin. “Hogan and Zimmerman” and the 
Armed Forces Institute of Pathology were the 
stimuli for going to Washington, D.C. I dulv 
presented myself at the Smithsonian Institute 
where I thought the Armed Forces Institute of 
Pathology was located. As I entered the build 
ing a man greeted me, said that he knew me, 
and asked where I was from. I said, ‘from 
Ireland.” My interrogator was Dr. Binford (of 
leprosy fame), unrecognized by me, who had 
been in Ireland the previous year for the Trinity 
College, Dublin Meeting of the Pathological 
Society of Great Britain and Ireland for which I 
was Organizing Secretary. He immediately 
drove me out to the Armed Forces Institute of 
Pathology to see his colleague and friend, Dr. 
Zimmerman. I was not expected. I can still 
recall the look on Zim’s face when I was intro- 
duced by Dr. Binford for study in his Ophthal- 
mic Pathology Department. He looked around 
his more than crowded few rooms and helpless- 
ly said, “Where will I put you?” With his usual 
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kindness he took pity on me and found bench 
space where I spent as much as 12 hours a day 
going through the files. I was shocked to discov- 
er that the waiting time to get into that depart- 
ment was about two years at that time. 

Zim was, as always, extremely helpful on the 
many problems I had in my new discipline. In 
1975 Zim came with Stasch to Ireland to give 
the Montgomery Lecture in Trinity College, 
Dublin. His was what was to be a most stimulat- 
ing and controversial subject, “Changing Con- 
cepts of the Prognosis and Management of 
Small Intraocular Melanomas.”’ After his return 
to Washington, Zim nearly succumbed as the 
result of Irish hospitality and a tour of the West 
of Ireland. 

The World Health Organization International 
Histological Classification of Tumors of the Eye 
and Its Adnexa under Zim’s chairmanship was 
a unique, enjoyable, and instructive exercise for 
me as a participating reviewer. He, Stasch, and 
I have enjoyed meetings in the United States 
and in Europe with other ophthalmic patholo- 
gists and, in particular, one famous train jour- 
ney from Munich to Geneva, but that is another 
story. 

It was a pleasure to find Zim at the Interna- 
tional Society of Ophthalmic Pathology in New 
Orleans in October 1989, participating in his 
usual way. I felt that Irish good fortune has 
continued in my contacts with Zim. I hope we 
will all be around to meet over our slides and 
papers for many years to come. 

JOAN MULLANEY, M.D., FRCPI, FRCPath, FCOphth 

Dublin, Ireland 


From across the Atlantic Ocean, I admire 
Lorenz E. Zimmerman as the greatest systemat- 
ic teacher of ophthalmic pathology of our time 
who has had profound effects far beyond his 
own field of mastership. His influence is evi- 
dent in ophthalmology, not only throughout 
the United States but around the world. In 
Germany alone, three of his former fellows are 
now Chairmen of Ophthalmology. 

In January 1965, I was fortunate to become 
his first fellow from Europe. Before I had even 
arrived in the United States, I was impressed 
with Dr. Zimmerman’s patience and attention 
to the “proper procedures” in overcoming all of 
the bureaucratic obstacles necessary to bring 
me (only five years out of East Germany) to the 
Armed Forces Institute of Pathology. His pa- 
tience must have been taxed (although he never 


showed any signs of this to me) when | submit- 
ted by first drafts of manuscripts: among his 
careful corrections, I had trouble finding my 
original words and sentences. 

His accessibility to all of his fellows in the 
cramped, windowless laboratory bordered on 
the miraculous. To this day, his insistence on 
“first observing and then interpreting” rings in 
my ears (as does his friendly demand: “What 
are your criteria?’’). If one of our group ex- 
pounded on some really outrageous nonsense 
at the Thursday afternoon conference, his most 
devastating comment was: “That is a really 
interesting thought; what made you believe just 
that?” He really seemed to be curious to discov- 
er how we arrived at such strange ideas. I recall 
only one situation that would annoy him: if his 
fellows would not criticize a rehearsal of one of 
his major lectures. Not criticizing him was 
interpreted as intellectual laziness and lack of 
interest in the subject. For Dr. Zimmerman, the 
perfect lecture (one that was beyond improve- 
ment in some way) did not exist. 

His research achievements are recognized 
around the world and have earned him de- 
served recognition. He received the first Jung 
Prize for Medicine (the most distinguished 
medical award in Germany) in 1976. In my own 
professional life, I have tried humbly to follow 
his shining example. 

G. O. H. NAUMANN, M.D. 
Erlangen, Germany 


I had the privilege of working in the laborato- 
ries of the Armed Forces Institute of Pathology 
in Washington during the early 1950s, while 
conducting a project on oxygen in the retinopa- 
thy of prematurity at the D.C. General Hospital. 
Dr. Lorenz Zimmerman was at the Institute. He 
had recently returned from Korea and rotated 
through the Ophthalmic Pathology Branch. 

Shortly after Zim’s rotation to the eye pathol- 
ogy unit, I had the opportunity to show him the 
ciliary processes on a slide. That was an easy 
task but, when it came to answering the four 
significant questions that he raised about their 
function and histopathology, it was apparent to 
all of us working in the unit that Zim would be a 
formidable student. 

Shortly after Zim assumed the director’s po- 
sition of the Ophthalmic Pathology Branch of 
the Armed Forces Institute of Pathology, I 
provided him with a preliminary review I had 
done of the Institute's pathology specimens of 
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epithelial downgrowth of the anterior chamber 
following cataract surgery. He gave me numer- 
ous constructive suggestions to organize and 
critically analyze the material further. 

Zim’s curiosity and willingness to challenge 
existing concepts about a host of ocular disor- 
ders was apparent early in his career. No better 
example can be found than in the systematic 
manner in which he addressed the problem of 
malignant melanomas of the uveal tract. His 
monumental contributions to better under- 
standing of ocular melanomas have been inter- 
nationally recognized and were the topics of 
three of his published, distinguished lectures; 
the Bedell lecture in 1972, the Montgomery 
lecture in 1975, and the Bowman lecture in 
1980. His contributions to the classification, 
pathogenesis, and prognosis have contributed 
significantly to the understanding and manage- 
ment of these tumors. 

As a brilliant teacher and world authority in 
ophthalmic pathology Zim has few peers. His 
sterling qualities of compassion, tolerance, and 
sensitivity to the needs of others make him a 
role model of the truly dedicated physician- 
scientist. 

ARNALL PATZ, M.D. 
Baltimore, Maryland 


Both as a resident and u faculty member I was 
impressed with Zim’s lectures, which set a 
standard for meticulous organization and su- 
perb illustration. The preparation for some of 
the many named lectures delivered by Zim was 
a great learning experience. Between 1970 and 
1971 while at the Armed Forces Institute of 
Pathology, I came to appreciate the great effort 
Zim put into polishing his lectures to assure 
that they were of the highest caliber. His publi- 
cations spanned the entire field of ophthalmol- 
ogy and ophthalmic pathology, and they re- 
flected his broad range of interests. Each of us, 
as trainees, looked forward to the weekly teach- 
ing sessions, particularly the “unknowns.” My 
time at the Armed Forces Institute of Pathology 
was a highlight of my career. It was not only 
academically profitable but most enjoyable. 

The contributions of Zim and others at the 
Armed Forces Institute of Pathology had a ma- 
jor focus on retinoblastoma at that time. His 
important observations laid the groundwork 
for today’s exciting breakthroughs in molecular 
biology and genetics. In a similar manner, 
Zim’s fundamental studies relating to melano- 





Letters of Tribute 471 


ma and questions on the rationale of enuclea- 
tion stimulated the entire field of ophthalmolo- 
gy. These two topics are only examples of the 
many topics in which his contributions have 
been of fundamental importance. 

My appointment at the University of South- 
ern California was strongly influenced by Zim. 
In a very personal way while a fellow at the 
Armed Forces Institute of Pathology, Professor 
Hugh Edmondson, Chairman of the Depart- 
ment of Pathology at the University of Southern 
California, visited the Armed Forces Institute oʻ 
Pathology to try to recruit Dr. Zimmerman fo’ 
the Doheny Eye Institute. Zim was a major 
influence in my decision later to join the facu! 
ty, and for that I express my deepest ap»recia- 
tion. In the Verhoeff Society the influence of Dr 
Zimmerman in ophthalmic pathology is reflect 
ed in his training of the leaders of ophtvalmic 
pathology throughout the world. 

Zim, I can only tell you, as one of many, how 
much I appreciate all that you have done jor me. 

STEPHEN J. RYAN, M.D 
Los Angeles, Californic 
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What a pleasure it is to have the opportunity 
to salute Dr. Lorenz Zimmerman on the occa- 
sion of his 70th birthday. He has played such an 
important role in furthering the science of oph- 
thalmic pathology and has helped immeasura- 
bly in providing ophthalmologists with the au- 
thoritative, sound advice that is vital to the care 
of their patients. By any yardstick he is worthy 
of the great regard and respect afforded him by 
the scientific community. But no description of 
his relationship with his colleagues would be 
complete without adding the word “fondness.” 
His friendliness and approachability are such 
that he is known to young and old as “Zim.” 
Those privileged to have worked with him over 
the years have delighted in his companionship 
and have truly enjoyed the feeling of being part 
of his extended family. He has served as o 
marvelous role model for young ophtha!lmolo- 
gists and pathologists interested in ophthalmic 
pathology. 

Zim exemplifies so well the positive impact 
that can result when a well organized, sensible 
expert from one medical! discipline enters an- 
other and systematically imposes order on pre- 
viously confusing problems. When I first came 
under his tutorship 32 years ago Zim hac only 
recently entered the field of ophthalmic pathol- 
ogy. His knowledge of the clinical problems 
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faced by ophthalmologists was somewhat in- 
complete; but it was clear that he was totally 
competent in the field of pathology and had the 
pathologic equivalent of perfect pitch. Within a 
short time his knowledge of ophthalmology 
increased exponentially. In rapid succession 
his investigations made sense out of such var- 
ied conditions as the classification of lacrimal 
gland tumors, rhabdomyosarcomas, sebaceous 
gland carcinomas of the eyelid, and of intraocu- 
lar conditions such as postcontusion deformi- 
ties of the anterior chamber angle and granular 
corneal dystrophy. Over the years Zim has 
continued this remarkable productivity and has 
tirelessly communicated his observations to 
those in clinical practice in many lucid lectures 
and seminars. I am reminded of a comment 
made by his good friend, Dr. Sadi de Buen of 
Mexico City: “When Dr. Zimmerman lectures 
in English it is so clear that it’s almost as if he 
were speaking Spanish.” 

Zim, all of us feel fortunate to have had the 
dual benefits of your excellent teaching and 
friendship and we trust they will continue for 
many years to come. 

WM. H. SPENCER, M.D. 
San Francisco, California 


Zim-—~Congratulations on an illustrious and 
continuing career. You have been a central 
figure in the world community of ophthalmic 
pathology through decades in which the disci- 
pline advanced into increasing relevance with 
clinical ophthalmology; moved into relation- 
ship with epidemiology and clinical trials; and 
stepped adroitly into immunocytochemistry, 
genetics, and molecular biology. 

As Director of Ophthalmic Pathology at the 
Armed Forces Institute of Pathology for many 
years, you have participated in countless scien- 
tific meetings on a regional, national, and inter- 
national basis. Of greatest importance, in my 
judgment, you have exerted a beneficial influ- 
ence on ophthalmologists who have been your 
students and fellows. 

Along with many others, Iam an alumnus of 
an ophthalmic pathology fellowship at the 
Armed Forces Institute of Pathology. From this 
experience, I have carried an appreciation for 
ophthalmic pathology into ophthalmic re- 
search and patient care. Former fellows and all 
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of ophthalmology are indebted to you. You are 
a master scientist-educator. 

BRADLEY R. STRAATSMA, M.D. 

Los Angeles, California 


We respect architects because they change 
the scenery in our environment; we admire 
academicians because they generate knowledge 
which enriches our minds; but above all, we 
love teachers, because they change our lives. 
Lorenz E. Zimmerman is all of these: an archi- 
tect, who has changed the scenery of oph- 
thalmic pathology in the 20th century; an 
academician, who has deeply enriched our un- 
derstanding of eye diseases and, above all, a 
teacher, who has altered the lives of many 
students in their academic pursuits. 

Before the 1940s, ophthalmic pathology was 
a hobby of academic ophthalmologists as they 
strove for a deeper understanding of eye diseas- 
es. Dr. Zimmerman transformed this hobby 
into a profession. With the background and 
approach of a general pathologist, through an 
inquisitive and innovative mind, and by long 
hours of hard work, Dr. Zimmerman has shown 
us that ophthalmic pathology is the soul of the 
science of ophthalmology. He attracted many 
brilliant students to follow his example and to 
dedicate their lives to ophthalmic pathology as 
a full-time career. 

Many academicians compile and edit, but Dr. 
Zimmerman creates. In his illustrious career, he 
redefined many ocular and adnexal tumors and 
outlined their behavior. He studied various in- 
fectious diseases of the eye, particularly fungal 
diseases. He examined pathogenetic mecha- 
nisms of many eye diseases. He expanded our 
horizons in ophthalmic pathology. As registrar 
of the American Registry of Ophthalmic Pathol- 
ogy, Dr. Zimmerman most generously gave ex- 
pert consultation on many difficult cases, thus 
providing care to numerous patients through- 
out the world. 

Architects and academicians have talents, but 
teachers have hearts. Dr. Zimmerman has both. 
Those who have been fortunate enough to be 
his students will always remember his bril- 
liance, generosity, forthrightness, and self-dis- 
cipline. He has led his students to the threshold 
of their minds, and allowed them to cross the 
threshold on their own to new heights of 
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knowledge. The example of his excellence and 
kindness has been carried by his students from 
all parts of the world brought back to their 
homelands. 
MARK O, M. TSO 
Chicago, Illinois 


When I first met Dr. Zimmerman in 1964 I 
was fascinated by his didactic clarity. Slides 
and words blended in a superb fashion. It 
immediately became clear to me that this was 
the man with whom I wanted to study. Through 
the efforts of Dr. Zimmerman I had the privi- 
lege of spending the years 1966 through 1968 in 
his department at the Armed Forces Institute of 
Pathology. In retrospect these were the most 
rewarding and stimulating years of my profes- 
sional life. Dr. Zimmerman continues to be the 
example of the true scientist for me because of 
his comprehensive knowledge combined with 
strict discipline. 

Dr. Zimmerman’s recent work in the natural 
history of uveal melanomas has challenged us 
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to reconsider our traditional treatment of this 
malignancy. 

When tackling a scientific problem I occa- 
sionally find myself asking: What would Lorenz 
say? 

As a teacher and department head he re- 
frained from closer bonds of friendship with his 
fellows, representing honesty in research, ab- 
sence of personal vanity, and a sense of true 
service to ophthalmology: a man to live up to. 
He rarely showed emotions and appeared de- 
tached. In the beginning my admiration for him 
was so great | scarcely dared to address him. 
The privilege of later years allowed me to ex- 
tend my contact from scientific work to a warm, 
personal relationship with Lorenz and his kind- 
hearted wife, Anastasia. 

The ophthalmologic community, our pa- 
tients, and I personally owe Dr. Zimmerman 
deep and long-lasting gratitude for his over- 
whelming contributions to our knowledge of 
ocular diseases. My best wishes and thoughts 
cross the Atlantic at Dr. Zimmerman’s 70th 
birthday. 

MARTIN H. VOGEL, M.D. 
Gottingen, Germany 


Curriculum Vitae of Lorenz E. Zimmerman, M.D. 


1943 


1943-1944 
1944-1945 
1945 


1945-1946 
1946-1954 
1947-1950 
1950-1951] 
1952 


1952-1954 
1954-1983 
1958- 

1963-1984 
1975-1983 
1976-1984 


1976- 
1983- 


1983- 


1950-1951 
1962 
1965 
1963, 1967 
1967 
1968 


1969 
1969 
1973 
1975 
1976 


1978 


B.A., George Washington University, Washington, DC (with dis- 
tinction) 

U.S. Army Reserves (2nd Lt. MAC) 

U.S. Army (PFC, ASTP) 

M.D., George Washington University School of Medicine, Wash- 
ington, DC (with distinction) 

Intern, Gallinger Municipal Hospital, Washington, DC 

U.S. Army ist Lt.; Lt. Col. MC 

Resident, Walter Reed Army Hospital, Washington, DC 
Commanding Officer, 8217th Mobile Medical Laboratory, Korea 
Certificate, American Board of Pathology (Pathologic Anatomy) 


Academic Appointments 


Staff Pathologist, Armed Forces Institute of Pathology 
Chairman, Department of Ophthalmic Pathology and Registrar, 
Registry of Ophthalmic Pathology, Armed Forces Institute of 
Pathology 

Lecturer, Department of Ophthalmology, Johns Hopkins School 
of Medicine 

Clinical Professor, Ophthalmic Pathology, George Washington 
University School of Medicine 

Associate Chairman, Center for Advanced Pathology, Armed 
Forces Institute of Pathology 

Clinical Professor of Pathology, Uniformed Services University of 
the Health Sciences 

Consultant, Ophthalmic Pathology, Washington Hospital Center 
Chairman Emeritus, Department of Ophthalmic Pathology, 
Armed Forces Institute of Pathology 

Professor of Pathology and Ophthalmology, Georgetown Univer- 
sity, Washington, DC 


Awards and Honors 


Legion of Merit, Military Service in Korea 

Alpha Omega Alpha 

Billings Bronze Medal, American Medical Association 
Meritorious Civilian Service Decoration, Department of Army 
Society of Military Ophthalmologists Award 

Award of Merit, George Washington University Medical Alumni 
Association 

Distinguished Civilian Service Award, Department of Defense 
Medalla de Oro, Barraquer Institute, Barcelona, Spain 

Alumni Achievement Award, George Washington University 
Prize Medal in Ophthalmology, Section on Ophthalmology, 
American Medical Association 

Ernst Jung Prize for Medicine, Ernst Jung Foundation, Hamburg, 
Germany 

Donders Medal, The Netherlands Ophthalmological Society, Gro- 
ningen 
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1978 
1981 
1982 
1982 
1983 


1985 
1985 


1986 
1987 
1988 
1989 
1990 


1990 


1959 
1960 
1961 
1962 
1963 


1964 
1964 


1965 


1966 
1966 


1967 
1967 


1967 
1969 
1969 


1970 
1971 


1971 
1972 
1973 


Curriculum Vitae of Lorenz E. Zimmerman, M.D., 


Antwerp University Medal, Antwerp, Belgium 

Doctor of Science, Honoris Causa, University of Illinois 

Guest of Honor, American Academy of Ophthalmology 

Leslie Dana Gold Medal, St. Louis Society for the Blind 
Presidential Award, Meritorious Executive Rank, U.S. Federal 
Civil Service 

Jules Stein Award, Research to Prevent Blindness, Inc. 

Lorenz Eugene Zimmerman Lecture, established by American 
Association of Ophthalmic Pathologists 

Medalla de Oro Jorge Malbran, Fundacion Oftalmologica Argenti- 
na, Buenos Aires 

Teacher of the Year Award, Department of Ophthalmology, 
Georgetown University, Washington, DC 

John Milton McLean Medal, New York Hospital—Cornell Medical 
Center, New York, NY 

Mericos H. Whittier Award, Mericos Eye Center—Scripps Memori- 
al Hospital, La Jolla, CA 

Teacher of the Year Award, Department of Ophthalmology, 
Georgetown University, Washington, DC 

Lighthouse Pisart Vision Award, New York, NY 


Special Lectures 


George B. de Schweinitz, Section on Ophthalmology, College of 
Physicians of Philadelphia, Philadelphia, PA 

Edward Jackson Memorial Award Lecturer, Ophthalmic Publish- 
ing Co., and American Academy of Ophthalmology and Otolaryn- 
gology 

Edward Lorenzo Holmes, The Institute of Medicine of Chicago 
Ward Burdick, American Society of Clinical Pathologists 

Francis I. Proctor, University of California Medical Center, San 
Francisco, CA 

Charles H. May, New York Academy of Medicine, New York, NY 
Jonas S. Friedenwald, Association for Research in Ophthalmolo- 
gy, Minneapolis, MN 

Alpha Omega Alpha, University of Pennsylvania, Philadelphia, 
PA 


Walter M. Wright, University of Toronto 

Mark J. Schoenberg, New York Society for Clinical Ophthalmolo- 
gy, New York, NY 

William Hamlin Wilder, The Institute of Medicine of Chicago 
The Third Pocklington Memorial Lecture, Royal College of Sur- 
geons, London 

Smith-Reed-Russell, George Washington University, Washington, 
DC 

The Barraquer Prize Lecture, Instituto Barraquer, Barcelona, 
Spain 

A. Ray and Wendell C. Irvine, Estelle Doheny Eye Foundation, Los 
Angeles, CA 

Sir Norman McAlister Gregg, Brisbane, Australia 

Frederick H. Verhoeff, American Ophthalmological Society, Hot 
Springs, VA 

Wolfe Foundation, University of Iowa, Iowa City, IA 

Arthur J. Bedell, Wills Eye Hospital, Philadelphia, PA 

G. Victor Simpson, University of Western Ontario 
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1974 
1974 
1974 


1975 
1975 


1975 
1975 


1976 
1976 


1977 
1977 


1978 
1978 


1978 
1980 


1981 
1981 


1982 
1985 
1985 
1985 
1986 


1986 
1986 


1988 
1989 
1990 


1990 
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Ruth C. Wanstrom, University of Michigan, Ann Arbor, MI 
Albert C. Snell, Sr., University of Rochester, Rochester, NY 
Seymour R. Roberts, American College of Veterinary Ophthalmol- 
ogists, Dallas, TX 

Sanford Gifford, Chicago Ophthalmological Society 

American Journal of Ophthalmology, Pan-American Congress of 
Ophthalmology, San Juan, PR 

George Wise, Albert Einstein College of Medicine, New York, NY 
Mary Prentice Montgomery, Irish Ophthalmological Society, 
Trinity College, Dublin 

Arthur Culler, Ohio State University, Columbus, OH 

Frank D. Costenbader, American Association for Pediatric Oph- 
thalmology, Bermuda 

Alfred J. Elliott, University of British Columbia, Vancouver 
Algernon B. Reese, Columbia~Presbyterian Medical Center, New 
York, NY 

C. Dwight Townes, University of Louisville, Louisville, KY 

F. C. Donders Lecturer, The Netherlands Ophthalmological Socie- 
ty, Groningen, The Netherlands 

Estelle Doheny, Estelle Doheny Eye Foundation, Los Angeles, CA 
Sir William Bowman, Ophthalmological Society of the United 
Kingdom, London 

DuPont Guerry III, Medical College of Virginia, Williamsburg, VA 
Lorand V. Johnson, Case Western Reserve University, Cleveland 
Ophthalmological Society, Cleveland, OH 

Susan Alper, Washington Hospital Center, Washington, DC 

J. E. Brown, Ohio State University, Columbus, OH 

Jules Stein, University of California, Los Angeles, CA 

Taylor Smith, New England Ophthalmological Society, Boston, 
MA 

Harvey Thorpe, Pittsburgh Ophthalmological Society, Pitts- 
burgh, PA 

Francis Heed Adler, University of Pennsylvania, Philadelphia, PA 
Jorge Malbran, Fundacion Oftalmologica, Buenos Aires, 
Argentina 

John Milton McLean, New York Hospital-Cornell Medical Center, 
New York, NY 

Sigmund Schutz, Manhattan Eye, Ear & Throat Hospital, New 
York, NY 

Howard A. Naquin, Greater Baltimore Medical Center, Baltimore, 
MD 

Michael Hogan, Cordes Eye Society, San Francisco, CA 


Society Memberships and Offices 


American Academy of Ophthalmology 

American Association of Ophthalmic Pathologists 

Association for Research in Vision and Ophthalmology 
Chairman, Board of Trustees, 1971 
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In addition to its occurrence within the eye, 
pseudoexfoliative fibrillopathy has been re- 
ported in the conjunctiva and around a poster- 
ior ciliary artery. To determine whether it has 
a more diffuse extraocular distribution, we 
studied skin biopsy specimens ultrastructur- 
ally from one to three areas in 13 patients with 
classic pseudoexfoliation. A _ fibrillopathy 
closely resembling that in the eye was found 
in 11 of the 13 patients. Only one of the 13 
control subjects, a 78-year-old man with ad- 
vanced low-tension glaucoma, had a similar 
fibrillopathy. In the patients with pseudoex- 
foliation who were more than 70 years of age, 
the accompanying dermal elastosis made eval- 
uation difficult, because the pseudoexfoliative 
nodules in the skin occur primarily along 
elastic fibers, and their morphologic char- 
acteristics appeared to be influenced by the 
elastotic process. These results suggest that 
pseudoexfoliation is a systemic process relat- 
ed closely to elastosis, and that further search 
for pseudoexfoliative fibers should be made in 
the elastic system of the deep tissues and 
internal organs. 


Tue possipitity THAT PSEUDOEXFOLIATION may 
not be a purely ocular disease is suggested by 
the presence of pseudoexfoliative fibrillopathy 
outside the globe. This fibrillopathy has been 
reported in the conjunctiva of patients with 
pseudoexfoliative disease of the lens in the 
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same eye? or in the fellow eye in unilateral 
disease,’” as well as in patients without clini- 
cal pseudoexfoliation but with signs of iris 
pigmentary degeneration.’? Pseudoexfoliative 
fibrillopathy has also been reported around a 
posterior ciliary artery in an eye with pseudoex- 
foliation of the iris and ciliary body.’ These 
findings suggest that pseudoexfoliative materi- 
al can be synthesized and polymerized outside 
the eye. They do not exclude, however, its 
synthesis within the globe and transport to 
local tissues through vascular and lymphatic 
channels. No pseudoexfoliation was found in 
eyelid skin or oral mucosa of patients with 
pseudoexfoliation in a study by Ringvold.’ 

To help resolve the question of whether ocu- 
lar pseudoexfoliation may be a local manifesta- 
tion of a systemic disorder, we examined skin 
biopsy specimens from a number of sites re- 
mote from the eye in patients with classic ocu- 
lar pseudoexfoliation and in control subjects. 
Comparisons were made also with the ultra- 
structure of pseudoexfoliative aggregates in in- 
traocular and conjunctival tissues. 


Material and Methods 


After informed consent was obtained from 13 
patients with classic signs of pseudoexfoliation 
on the anterior lens capsule, biopsy specimens 
were taken from retroauricular skin in nine 
patients, buttock skin in two patients, eyelid 
skin in three patients, and forearm skin in one 
patient. Biopsy specimens were also taken from 
the conjunctiva in four patients, the iris in one 
patient, and the periodontal membrane in one 
patient. Biopsy specimens were taken from sim- 
ilar skin sites in 13 control patients who were 
40 to 90 years of age, including eight from 
retroauricular skin, five from eyelid skin, three 
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from arm skin, one from buttock skin, and two 
from the conjunctiva. Eleven of the control 
subjects were examined preoperatively and 
showed no signs of pseudoexfoliation. Two of 
the control subjects were examined at autopsy 
and there was no history of ocular disease. 

In the patient group there were seven women 
and six men, with the age distribution shown in 
Table 1. In the control group there were five 
women and eight men; two were in the fifth 
decade, five in the seventh decade (as in the 
patient group), five in the eighth decade, and 
one in the tenth decade. 

For comparison with intraocular pseudoex- 
foliation, anterior lens capsule and iris were 
studied in one of the patients with pseudoexfo- 
liation (Case 4) and in specimens obtained pre- 
viously from three other patients with pseudo- 
exfoliation. A portion of all samples was fixed 
immediately in 2.5% glutaraldehyde for em- 
bedding in Mollenhauer’s medium and process- 
ing for transmission electron microscopy. Grids 
were stained with uranyl acetate and lead ci- 
trate. Two or more levels or blocks were exam- 
ined in specimens found to have no fibrillop- 
athy. Measurements of fibers and periodicity 
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were made from the photomicrographs under 
magnification by using an ocular reticule. Mag- 
nification of the electron microscope was cali- 
brated frequently with a grating replica. 


Results 


Since the diagnosis of pseudoexfoliative h 
bers in other tissues is based upon their 
characteristics within the eye, anterior lens cap- 
sule and iris from typical cases (including Case 
5 of the present series) were carefully studied. 
Classic pseudoexfoliative fibers on the lens cap- 
sule were a mixture of long, thin fibers up to 0.6 
um long, which we termed type A fibers, and 
short, thicker type B fibers. Each type could be 
straight, angled in a chevron pattern, or curved 
and lying adjacent to the other type in the same 
field (Fig. 1). A periodicity of 20 to 25 nm could 
be seen on both type A and type B fibers but 
more clearly on the thin type A fibers, which 
sometimes had a wider cross band at 45 to 50 
nm as well. The thick type B fibers appeared to 
result from an increased amount of densely 


TABLE 1 
EVIDENCE OF PSEUDOEXFOLIATIVE FIBRILLOPATHY IN BIOPSY SPECIMENS FROM EXTRAOCULAR SITES* 


i  —————————————— 


CASE NO., BUTTOCK EYELID 
AGE (yrs), SEX CLINICAL HISTORY CONJUNCTIVA EAR SKIN SKIN SKIN ARM SKIN 
1, 65, F Pseudoexfoliation, bilateral Present Present Present NP Absent 
Ocular hypertension, L.E. 
2, 66, M Pseudoexfoliation, bilateral Present Present Present NP NP 
3, 73, M Pseudoexfoliation, bilateral Present Present NP NP NP 
Chronic open-angle glaucoma, 
bilateral 
4,76, M Pseudoexfoliation, bilateral Present Present NP NP NP 
§, 70, F Pseudoexfoliation, bilateral NP NP NP Present NP 
Chronic open-angle glaucoma, 
bilateral 
6, 75,.F Pseudoexfoliation, bilateral NP Absent NP NP NP 
Chronic open-angle glaucoma, 
bilateral 
7,72,M Pseudoexfoliation, bilateral NP NP NP Absent NP 
8, 79, F Pseudoexfoliation, bilateral NP NP NP Present NP 
9, 74, F Pseudoexfoliation, bilateral NP NP NP Present NP 
10, 69, F Pseudoexfoliation, R.E. NP Present NP NP NP 
Low-tension glaucoma, R.E. 
11,57, M Pseudoexfoliation, L.E. NP Present NP NP NP 
12, 63, M Pseudoexfoliation, L.E. NP Present NP NP NP 
Chronic open-angle glaucoma, L.E. 
13, 67, F Pseudoexfoliation, L.E. NP Present NP NP NP 


*NP = not performed. 
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Fig. 1 (Streeten and associates). Variation in pseudoexfoliative structure within the eye (X 62,500). Top left, 


November, 1990 











Long, thin, type A pseudoexfoliative fibers on lens capsule. Note periodicity of 25 nm (thin arrows) and 50 nm 
(thick arrows). Top right, Adjacent area of shorter, thicker, electron dense, type B fibers, some having bent 
chevron form (c). Periodicity is obscured. Bottom left, Perivascular type A pseudoexfoliative fibers in iris stroma 
in a delicate fibrogranular matrix. Bottom right, Both thin (a) and thick (b) fibers on the iris pigment epithelium 


with scanty fibrillar matrix. 


osmiophilic coating on these complex fibers. 
These classic pseudoexfoliative fibers were of- 
ten admixed with a variety of small microfibrils, 
some 10 nm in diameter like zonular fibrils and 
others 4 to 8 nm of unknown type. 

In the iris stroma the pseudoexfoliative fibers 
were similar to the thin type A fibers on the lens 
capsule but tended to be somewhat shorter and 
less clearly banded. The exact length of fibers 


could not be determined in these thin sections. 
A background fine granular matrix was often 
associated with the stromal pseudoexfoliative 
fibers, although not those on the lens capsule or 
iris pigment epithelium (Fig. 1). Pseudoexfolia- 
tive fibers on the iris pigment epithelium were 
of both A and B types. 

These established characteristics were used 
as a yardstick for evaluating fibrillopathy in the 
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Fig. 2 (Streeten and associates). Conjunctival pseudoexfoliative fibers and elastosis. Top left, Case 1. Clump of 


pseudoexfoliative fibers near a small dark elastic fiber (ef) and whorls of dysplastic elastic microfibrils or 
oxytalan (oxy). Delicate fibrillar clumps and strands of elastotic matrix surround it (x 23,900). Top right, Case 1. 
Some fibers closely resemble type B on lens capsule in length and density (X 62,500). Bottom left, Case 4. The 
thin smooth fibers are like the type A fibers in the iris stroma of same patient (Fig. 1, bottom left). Elastotic matrix 
begins to obscure fibers (X 62,500). Bottom right, Case 3. Around an irregular dark elastic fiber (ef), 
pseudoexfoliative fibers are shorter, more irregular, and mixed witha fibrogranular elastotic matrix. A fibroblast 


process (fbl) surrounds the area (X 47,000). 


extraocular tissues. Only sections containing 
fibers within the size ranges cited in Table 2 and 
of similar electron density and shape to those 
within the eye were considered positive. At 
least one skin biopsy specimen demonstrated 
fibrillopathy in 11 of the 13 patients with 


pseudoexfoliation, with positive samples de- 
riving from all skin sites except the forearm 
(Table 1). 

As in the intraocular tissues, the pseudoexfo- 
liative clumps stood out even at low power 
because of their electron density (Fig. 2, top 
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TABLE 2 


CHARACTERISTICS OF PSEUDOEXFOLIATIVE FIBERS 
IN DIFFERENT SITES 





WIDTH LENGTH BANDING 
Lens capsule 15-30 nm, 0.1-0.6 um 20-25 nm, 
rarely rarer 
to 45 nm 45-50 nm 
Iris 15-30 nm 0.1-0.4 um 18-21 nm 
Conjunctiva 15-30 nm, 0.1-0.5 um 21-23 nm 
rarely 
to 44 nm 
Eyelid 15-30 nm 0.1-0.4 um 22-25 nm 
Retroauricular 15-37 nm 0.1-0.4 um 22 nm, rare 
Buttock 18-36 nm 0.08-0.2 um None seen 
in most, 
rare 24 nm 





left). Their morphologic characteristics and ap- 
parent change with increasing elastosis could 
be studied in purest form in the loose connec- 
tive tissue of the conjunctiva. As noted previ- 
ously in the conjunctiva,’ their location as iso- 
lated nodules along the course of elastic fibers 
and oxytalan was striking. Only occasionally 
were they seen near blood vessel walls. The 
aggregates ranged from less than 1.0 pm up to 
8.0 um in greatest diameter, the latter dwarfing 
the associated elastic fibers that were usually 
0.3 to 0.6 wm in diameter, and sometimes as 
small as 0.1 to 0.2 pm. 

All specimens showed some elastosis, vary- 
ing from minor rounded densities in the center 
of the normally electron lucent elastic fibers to 
darkening of the fibers with coarse granularity 
in the matrix around them (Fig. 2, bottom left). 
Severe elastosis produced wide, degenerate 
elastic fibers with irregular eroded borders, and 
amorphous and granular matrix material was 
noted diffusely in the vicinity, including within 
the pseudoexfoliative clumps. Severe elastosis 
was seen especially in the older men and in- 
volved the larger deep elastic fibers. 

In the least elastotic areas and in younger 
patients, the pseudoexfoliative fibers closely 
resembled those within the eye (Fig. 2, top 
right). With increasing granular elastotic ma- 
trix, they appeared shorter, more varied in 
appearance, and less sharply defined (Fig. 2, 
bottom left and right). 

Aggregates containing only the thin type A 
pseudoexfoliative fiber were least common and 
found in the 65-, 66-, and 74-year-old patients 
in conjunctival, retroauricular, and eyelid skin 





£ 


Fig. 3 (Streeten and associates). Case 9. Eyelid skin. 
Top, Typical aggregate of mixed pseudoexfoliative 
fibers and elastic microfibrils between dark elastic 
fibers (ef), and adjacent to a fibroblast (fbl) (X 
30,750). Bottom, Type A pseudoexfoliative fibers 
(thin arrows) among elastic microfibrils (thick ar- 
rows) and an elastic fiber (ef). Note periodicity of 25 
nm on the type A fibers (thin arrows) (X 67,500). 


(Fig. 3, bottom, and Fig. 4, top left). These type 
A fibers were 15 to 22 nm in diameter, with a 
slightly fuzzy profile and occasional 24-nm 
periodicity. As in most other sites, they were 
intermingled with 10-nm elastic microfibrils. 
These microfibrils are the basic units of elastic 
tissue, which surround the young elastic fibers 
and are the only units composing both oxytalan 
and the zonule. Long, thin cell processes of 
fibroblasts were often festooned around the 
fibrillar clumps, sometimes in direct contact 
with the clumps in a focal area (Fig. 2, bottom 
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Fig. 4 (Streeten and associates). Case 1. Top left, Retroauricular tissue showing profusion of long type A 
pseudoexfoliative fibers with several bent chevron forms (cl indicates collagen) (X 47,000). Top right, Large 
nodule of pseudoexfoliative fibers at junction of oxytalan fibers (oxy) and a degenerate elastic fiber (ef) (cl 
indicates collagen) (x 18,600). Bottom left, Nodule of thin (thin arrows) and thicker (thick arrows) pseudoexfoli- 
ative fibers from area of asterisk in top right figure (x 47,000). Bottom right, Tightly packed nodule with 
predominant component of thin elastic microfibrils and peripherally more atypical thick and thin fibers 
resembling the pseudoexfoliative type, adjacent to an elastotic elastic fiber (ef) (x 32,500). 


right, and Fig. 3, top). These cells had only 
short segments of rough endoplasmic reticu- 
lum, many glycogen granules, coated vesicles, 
some pinocytotic vesicles, and occasional short 
segments of apparent basement membrane. 


In some clumps, type A and B pseudoexfolia- 
tive fibers were seen immediately adjacent to 
each other (Fig. 4, bottom left), as in the eye. 
The most common pattern in the eyelid and 
retroauricular regions was of thick type B 
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Fig. 5 (Streeten and associates). Case 3. Left, Large aggregate of pseudoexfoliative fibers in retroauricular skin 
at junction of oxytalan (oxy) and elastotic elastic fiber (ef) (cl indicates collagen) (X 10,300). Right, Greatly 
thickened (45 nm) pseudoexfoliative fibers somewhat obscured by granular and elastic microfibrillar matrix 
(x 67,500). 


pseudoexfoliative fibers admixed with large 
numbers of elastic microfibrils and an increas- 
ing quantity of amorphous material and gran- 
ules resembling the matrix in advanced elasto- 
sis. Variations of this appearance were seen in 
all specimens showing pseudoexfoliative fibril- 
lopathy, regardless of site. As the granularity 
increased, the type B fibers were shorter and 
even thicker with blurring of their outlines (Fig. 
5). In the retroauricular skin of older patients 
this pattern was frequent, and in the buttocks 
the clumps were predominantly of this type, 
with pseudoexfoliative fibers up to 44 nm in 
diameter and large amounts of granular materi- 
al (Fig. 6, top left). No pseudoexfoliative fibers 
were seen in the arm skin or the periodontal 
membrane. 

In the specimens that demonstrated fibrillop- 
athy, there were often aggregates that could not 
be identified definitely as pseudoexfoliative fi- 
brillopathy, especially in the buttock, but also 
in the ear and eyelid skin with advanced elasto- 
sis. These were of the types seen in Figure 6, 
with masses of amorphous matrix interspersed 
between fibers either thicker or thinner (Fig. 6, 
top right) than the standard. 

No fibrillopathy conforming to the pseudoex- 
foliative type was seen in 12 of the 13 centrol 
subjects. In one, however, a 78-year-old man 
with bilateral advanced low-tension glaucoma, 
there were a few fibrillar, electron dense aggre- 
gates in both eyelid skin and conjunctiva in 


biopsy specimens taken over a two-year period. 
These aggregates resembled those in the pa- 
tients with pseudoexfoliation, although gener- 
ally thinner, 15 nm or less in diameter (Fig. 7). 
Elastosis was severe in this patient’s ear skin 
and no fibers resembling pseudoexfoliation 
were found there. Large aggregates of compact 
elastotic matrix mixed with elastic microfibrils 
were found in two of the control subjects who 
were 70 and 90 years of age, but without any 
suggestion of pseudoexfoliative fibers. 


Discussion 


As a group, the patients with pseudoexfolia- 
tion showed many typical characteristics. The 
average age of those with unilateral disease was 
64 years and with bilateral disease was 72 
years, which possibly reflects the interval be- 
fore involvement of the fellow eye. This group 
had more established disease than in some 
series, as 79% of cases were bilateral and 46% 
of patients had glaucoma or ocular hyperten- 
sion. At least one skin biopsy specimen showed 
fibrillopathy in 85% of patients with pseudoex- 
foliation, not differing much between patients 
with unilateral or bilateral disease. Of the six 
patients with glaucoma or ocular hypertension, 
five had biopsy specimens demonstrating 
pseudoexfoliative fibrillopathy. 
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Recognition that not all intraocular pseudo- 
exfoliative fibers look the same was useful in 
analyzing their shared features, which allowed 
some objective measurements for comparison 
with extraocular fibers. Their thinner, less 
banded appearance in the iris stroma empha- 
sizes the important effect that site may have on 
these fibers and undoubtedly their composi- 
tion. The criteria chosen were a size range of 15 
to 45 nm, length of at least 0.2 um, periodicity 
of approximately 25 or 50 nm visible in some 
area, and a higher electron density than the 
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Fig. 6 (Streeten and associates). Buttock skin. Top 
left, Case 2. Pseudoexfoliative fibers of varying thick- 
ness and length obscured by dense fibrogranular 
elastotic matrix (X 32,500). Top right, Case 1. Nendi- 
agnostic nodule of fibrogranular matrix surrounding 
electron-lucent elastic fiber (ef) and partially envel- 
oped by a fibroblast (fbl). The linear fibrils resem- 
bling the pseudoexfoliative type are too blurred and 
thin to diagnose (X 16,850). Bottom left, Case 1. 
Small aggregate of atypical short fibers resembling 
the pseudoexfoliative type adjacent to an aging, 
porous elastic fiber (ef) (X 41,250). 





background tissues. Dark and Streeten" previ- 
ously reported this dual periodicity, and Eagle, 
Font, and Fine’ documented a 50-nm banding. 
In extraocular and intraocular sites the 25-nm 
periodicity was the primary one we found, 
although both could occur on the same fiber. 
The electron density of the pseudoexfoliative 
fibers was important for scanning large areas of 
tissue, but this characteristic is variable and not 
easily quantifiable. It appeared to be depencent 
on the amount of dense material deposited on 
the fiber, since the type A more clearly banded 


498 AMERICAN JOURNAL OF OPHTHALMOLOGY 


November, 1990 











Fig. 7 (Streeten and associates). Atypical clump 
resembling pseudoexfoliative material in eyelid skin 
of 80-year-old man with low-tension glaucoma bilat- 
erally. The fibers are thin, without banding, and tend 
to be pointed at the ends (x 40,640). 


fibers on the lens capsule were relatively un- 
coated and paler. Thus we do not consider the 
diagnostic criteria set in this study as definitive 
for proving identity of the extraocular and in- 
traocular fibers, and eventually they must be 
supplemented by immunologic or other bio- 
chemical data. 

The blending of pseudoexfoliative fibrillop- 
athy with the elastotic process in the skin pre- 
sented more of a problem than the minor elas- 
tosis found in a previous conjunctival study,’ 
but at the same time offered more clues to the 
relationship. The two different types of recog- 
nized elastosis® were clearly evident in the 
biopsy specimens. Actinic effect was seen pri- 
marily in the eyelid where there was a marked 
increase in small, dark, and presumptively new 
elastic fibers surrounded by many elastic micro- 
fibrils, as well as dysplastic oxytalan whorls 
and elastic fibers with large central densities. 

Aging elastosis was seen as well, since both 
types occur in sun-exposed tissues, but it was 
the primary type in buttock skin. For study of 
pure aging changes, buttock skin has often 
been chosen as an example of sun-protected 
skin. Signs of aging were the development of 
amorphous fibrogranular background matrix 
and marked central densities in the elastic fi- 
bers and eroded appearance of their margins. 


Pseudoexfoliative aggregates could be found in 
relation to both types of elastosis, but there 
were more atypical and nondiagnostic forms 
with aging elastosis. The only illustrations we 
could find resembling pseudoexfoliative fibers 
in the published reports of elastosis were from 
buttock skin of patients over 70 years of age.” 
These were described as isolated foci of “‘ran- 
domly aggregated short fibrils 23.5-33.5 nm 
wide... associated with amorphous electron 
dense material.” Identical fibrils were also seen 
on the periphery of normal-appearing elastic 
fibers. The number of patients with this finding 
and whether they had ocular pseudoexfoliation 
is unknown. Aging elastosis is thought to be 
related to the action of endogenous proteases,’ 
which might also have an effect on the pseudo- 
exfoliative fibers and account for their shorter 
and less typical appearance in areas of elastotic 
matrix. 

Actinic elastosis of both naturally occurring 
and experimental types shows evidence of con- 
siderable synthesis of new immature elastica 
with dysplastic elastic microfibrillar organiza- 
tion.” The close approximation of fibroblast 
processes to pseudoexfoliative aggregates, 
sometimes actually in continuity, suggests that 
these nodules are another form that the aber- 
rant secretory process can take. 

The finding that one of the 13 control subjects 
had a fibrillopathy in the eyelid and conjunc- 
tiva resembling intraocular pseudoexfoliation, 
though with some atypicality, is not surprising. 
In a previous study Streeten and associates’ 
showed that conjunctival pseudoexfoliative 
material can be present in the absence of ocular 
pseudoexfoliation signs except for iris pigmen- 
tary degeneration, and especially in patients 
with glaucoma.” In the present study the con- 
trol subject, a 78-year-old man, did not have 
striking pigmentary degeneration but had ad- 
vanced low-tension glaucoma. Whether this 
atypical material is indeed the same as that in 
typical pseudoexfoliation remains to be proven. 

There is some suggestion from the histo- 
chemical characteristics of pseudoexfoliative fi- 
bers and zonular elastic microfibrils,*"’ and 
their juxtaposition to elastic microfibrils else- 
where,” that elastic microfibrils or an abnormal 
related fibril form the basis for pseudoexfolia- 
tive fibers. We have shown cross reactions of 
pseudoexfoliative material in both intraocular 
and conjunctival sites with several elastic tissue 
components immunologically, including micro- 
fibrillar protein,” amyloid P protein,“ and elas- 
tin. These similarities led us to suggest that 
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the pseudoexfoliative process is a type of elas- 
tosis.” The present finding of an association 
between pseudoexfoliative fibers and the elas- 
tic system in tissues remote from the eye adds 
further support to this hypothesis. Why some 
persons are more predisposed to this process 
than others is of course the most challenging 
and important question. The possibility is now 
raised that the process may be even more wide- 
spread in the systemic elastic tissues, which 
should widen the opportunities for investiga- 
tion of the basic nature of this disorder. 
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Ocular Adnexal Kaposi’s Sarcoma in Acquired 


Immunodeficiency Syndrome 





Pravin U. Dugel, M.D., Parkash S. Gill, M.D., George T. Frangieh, M.D., 
and Narsing A. Rao, M.D. 


We examined histopathologically 18 ocular 
adnexal Kaposi’s sarcoma lesions related to 
acquired immunodeficiency syndrome. These 
lesions were classified into three types. Type I 
consisted of thin, dilated vascular channels 
lined by flat endothelial cells with lumen- 
containing erythrocytes. Type II featured 
plump, fusiform, endothelial cells, often with 
a hyperchromatic nucleus and foci of imma- 
ture spindle cells and occasional slit vessels. 
Type III was characterized by large aggregates 
of densely packed spindle cells with hyper- 
chromatic nuclei, occasional mitotic figures, 
and abundant slit spaces often containing 
erythrocytes in between. Clinically, type I 
and type II tumors were patchy and flat (less 
than 3 mm in height) and of less than four 
months’ duration. Type III tumors were nodu- 
lar and elevated (greater than 3 mm in height). 
We describe the clinical and histopathologic 
types of Kaposi's sarcoma that may help in 
diagnosis. 


[DIOPATHIC MULTIPLE PIGMENTED SARCOMA of the 
skin was first described by Kaposi in 1872.’ 
Before 1981, it affected primarily older Medi- 
terranean and young African males. Since 
1981, however, Kaposi’s sarcoma has become a 
major cause of morbidity and mortality, affect- 
ing 24% of all patients with the acquired immu- 
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nodeficiency syndrome and 35% of all bisexual 
males with AIDS.” Its course in patients with 
AIDS is reported to be more aggressive despite 
showing no histopathologic differences.’ Fewer 
than 25 cases of patients with ocular Kaposi's 
sarcoma were reported before 1981. Currently, 
however, ocular adnexal Kaposi’s sarcoma is an 
increasingly common tumor, which occurs in 
approximately 20% of all patients with AIDS 
and systemic Kaposi’s sarcoma. 

All biopsy specimens submitted to the 
Doheny Eye Institute and reported as ocular 
Kaposi's sarcoma were reviewed. Marked histo- 
pathologic variations were seen. A clinical and 
histopathologic study of patients with ocular 
adnexal Kaposi’s sarcoma was undertaken to 
see if these variations in histologic appearance 
were consistent with clinical characteristics. 





Patients and Methods 





The lesions of patients with AIDS and ocular 
adnexal Kaposi’s sarcoma examined at the Ka- 
posi’s Sarcoma Clinic at the Los Angeles Coun- 
ty/University of Southern California Medical 
Center were evaluated. Patients with functional 
or cosmetic difficulties were enrolled into the 
study. Seventeen primary lesions and one re- 
current lesion were removed by excisional or 
incisional biopsies. These biopsy specimens 
were fixed in 4% formaldehyde solution, em- 
bedded in paraffin, sectioned at 7 pm, and 
processed for light microscopy by using hema- 
toxylin and eosin and periodic acid-Schiff 
stains. 





Results 





Seventeen primary tumors and one recurrent 
tumor were classified according to histopatho- 
logic criteria (Table). Four lesions were classi- 
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SUMMARY OF CLINICAL AND HISTOPATHOLOGIC FINDINGS 


TABLE 


IN 18 CASES OF OCULAR ADNEXAL KAPOSI’S SARCOMA 
eee 


SPECIMEN DURATION* HISTOPATHOLOGIC 
NO. SIZE (MM) LOCATION (MOS) TYPE 
1 6x4x1 Inferior palpebral conjunctiva NA Type | 
2 7x 45 x 2 Inferior fornix 2 Type II 
3 7x3x1 Inferior fornix 2 Type | 
4 16x5x2 Inferior fornix 3 Type Il 
5 5x3x2 Superior bulbar conjunctiva 2 Type I 
6 8x4x3 Inferior fornix NA Type Il! 
7 6.8x 3x2 Inferior fornix 2 Type II 
8 3x7X2 Caruncle NA Type Il 
9 13. x 7 x 4.5 Inferior bulbar conjunctiva 12 Type III 
10t 2x3x1 Inferior bulbar conjunctiva 3 Type Il 
11 75x5xX2 Inferior bulbar conjunctiva NA Type Il 
12 6x2x 1 Inferior palpebral conjunctiva NA Type | 
and eyelid margin 
13 8x6x 1 Inferior palpebral conjunctiva NA Type Il 
and eyelid margin 
14 ox2x 1 Inferior palpebral conjunctiva NA Type II 
and eyelid margin 
15 6x4x2 Inferior bulbar conjunctiva 2 Type Il 
16 5 x 6.5 x § Inferior fornix 8 Type Il! 
17 9x5x2 Inferior bulbar conjunctiva 2 Type | 
18 6x3x2 Inferior bulbar conjunctiva 2 Type II 


eee 
“NA indicates not available. 
"Specimen 10 is a recurrence of specimen 9. 


fied as Type I, 11 as Type II, and three as Type form nuclei and scanty cytoplasm. No mitotic 
III. cells were seen. There was a moderate mononu- 

Type I lesions consisted of thin, dilated vas- clear cell infiltrate surrounding these abnormal 
cular channels lined by flat endothelial cells vessels. There were no spindle cells or slit 
(Fig. 1). These channels were often filled with spaces. 


erythrocytes. The cells had flat endothelial fusi- Type II lesions featured plump, fusiform en- 





Fig. 1 (Dugel and associates). Type I. Clinically, the lesion is patchy and flat (left). Histopathologically, flat 
endothelial cells with a fusiform-shaped nucleus and scanty cytoplasm line erythrocyte-filled vascular spaces 
(right) (hematoxylin and eosin, X 480). 


502 AMERICAN JOURNAL OF OPHTHALMOLOGY 


November, 1990 











Fig. 2 (Dugel and associates). Type II. Clinically, the lesion is similar to stage 1 except it is larger (left). 
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Histopathologically, plump fusiform endothelial cells, often with a hyperchromatic nucleus, line dilated, empty 
vascular spaces. Foci of early spindle cells with slit spaces can occasionally be seen (right) (hematoxylin and 


eosin, X 200). 


dothelial cells that lined thin, dilated empty 
vascular channels (Fig. 2). Many of these calls 
had a hyperchromatic nucleus. No mitotic cells 
were noted. A sparse inflammatory infiltrate 
composed of macrophages, plasma cells, and 
lymphocytes was seen. There were foci of a few 
immature spindle cells and early slit vessels. 
Type III lesions were characterized by large 
aggregates of densely packed spindle cells with 
a hyperchromatic nucleus and occasional mi- 
totic cells (Fig. 3). Between these spindle cells 
were slit spaces, many of which contained 
erythrocytes. Inflammatory cells were scanty. 
All patients examined in this study had either 
functional or cosmetic problems. The most 
common functional problem was irritation, ei- 
ther by direct mechanical abrasion of the cor- 
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Fig. 3 (Dugel and associates). Type III. Clinically, the lesion is nodular and raised (lef 


spaces (right) (hematoxylin and eosin, X 480). 





nea by secondary trichiasis or by secondary 
ectropion causing corneal exposure. It was not 
possible in some patients to correlate accurate- 
ly the duration of the tumors with their histo- 
pathologic appearance. Type I and Type II le- 
sions were patchy and flat (less than 3 mm in 
height) and of less than four months’ duration 
(Figs. 1 and 2). Type III lesions were more 
nodular (greater than 3 mm in height) and of 
greater than four months’ duration (Fig. 3). A 
complete excisional biopsy with 1- to 2-mm 
margins was done on 14 lesions. One such 
lesion, classified as Type III, showed early signs 
of recurrence after three months and was com- 
pletely re-excised. Histopathologically, the re- 
current lesion had characteristics of a Type II 
tumor. 
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Discussion 





The present study suggests that ocular adnex- 
al Kaposi's sarcoma can be classified into three 
different clinical and histopathologic types. We 
believe, based upon two findings, that these 
three types are part of a continuum. First, the 
recurrence of an incompletely excised tumor 
was not of the same type as the original. Sec- 
ond, we have seen examples of all three types in 
a single lesion. Type I is characterized by dilat- 
ed vascular channels lined by flat endothelial 
cells and surrounded by a mononuclear cell 
infiltration. Spindle cells believed to be charac- 
teristic of Kaposi's sarcoma are not present. 
This lesion may therefore be difficult to distin- 
guish histopathologically from a granuloma 
pyogenicum, hemangioma, or lymphangioma. 
Type II features plump, fusiform endothelial 
cells. Patches of early spindle cells distinguish 
this tumor as Kaposi’s sarcoma. Only Type III 
consists of the more easily recognized spindle 
cells with interspersed slit spaces. Although the 
cell of origin of Kaposi’s sarcoma is not 
known,” these three types, if part of a continu- 
um, illustrate the progressive involution of vas- 
cular and loose granulation tissue and the evo- 
lution of dense, compact spindle cells. 

The clinical variations of ocular adnexal Ka- 
posi’s sarcoma are less dramatic than are the 
histologic variations. Although the Type I tu- 
mor may be confused with subconjunctival 
hemorrhage, granuloma pyogenicum, conjunc- 
tival cyst, inflamed pinguecula, foreign body 
granuloma, blepharitis, and eyelid edema, the 
clinical characteristics of Type II and Type III 
Kaposi's sarcoma are more apparent. These 
lesions appear as raised, discrete, solid, vascu- 
lar lesions, often with surrounding angiogene- 
sis. Type II and Type III lesions tend to be less 
than 3 mm in height and of less than four 
months’ duration. 

The relationship between the clinical types 
and their histopathologic counterparts is, we 
believe, well established. The histopathologic 


appearance can be predicted by the clinical 
characteristics and vice versa. The relationship 
between the type and the duration of the lesion, 
however, is more tenuous because of the lack of 
sequential biopsy specimens and the limited 
clinical information available on the duration 
of lesions in which biopsy was done once. 
Therefore, although it is possible that these 
three types represent the progressive develop- 
ment of ocular advanced Kaposi's sarcoma, we 
cannot make a definite conclusion. We believe, 
however, that the recognition of the clinical 
and histopathologic variations of this increas- 
ingly common ocular tumor is important for 
diagnosis. 
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Ocular Pathologic Features of Arteriohepatic Dysplasia 


(Alagille’s Syndrome) 





Bruce L. Johnson, M.D. 


Arteriohepatic dysplasia (Alagille’s syn- 
drome), an autosomal dominant condition in- 
volving jaundice caused by a developmental 
scarcity of intrahepatic bile ducts, has charac- 
teristic cardiovascular, skeletal, facial, and 
ocular features that distinguish it from extra- 
hepatic biliary atresia and an array of other 
neonatal intrahepatic cholestatic disorders. 
Two children who died of this syndrome had 
prominent Schwalbe’s rings with attached iris 
strands characteristic of Axenfeld’s syn- 
drome. Additional histologic findings of iris 
atrophy and stromal nodules, however, made 
the designation Axenfeld-Reiger’s syndrome 
more appropriate. Pigmentary retinopathy, 
degeneration of Bruch’s membrane, and 
prominent lipofuscin deposition in the ciliary 
muscle noted in one of the patients were not 
regarded as primary changes of Alagille’s syn- 
drome, but were believed to be secondary to 
acquired deficiency of the fat-soluble vita- 
mins A and E. Early recognition of the ocular 
changes in arteriohepatic dysplasia is helpful 
in establishing the proper diagnosis to avoid 
unnecessary abdominal surgery and institute 
vitamin therapy. 


In 1973, WATSON AND MILLER! reported the 
association of congenital cholestasis with near- 
ly absent development of interlobular intrahe- 
patic bile ducts and familial pulmonary artery 
stenosis. Alagille and associates’ in 1975 em- 
phasized the association of intrahepatic ductal 
hypoplasia with other systemic findings, which 
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included deep set eyes, hypertelorism and 
pointed chin, vertebral (butterfly) malforma- 
tions, and retarded physical, mental, and sexu- 
al development. Ophthalmic findings helped to 
establish the proper category of cholestasis.*° 
The most frequently documented clinical 
change is posterior embryotoxon in which a 
thickened axially displaced Schwalbe’s ring is 
visible in the peripheral cornea. Frequently, 
strands of peripheral iris tissue extend to it, and 
then the term Axenfeld’s syndrome is applica- 
ble. In one series,’ posterior embryotoxon was 
noted in 55 of 62 patients (89%) with Alagille’s 
syndrome compared with an estimated 8% to 
15% in the normal population. Retinal pigmen- 
tary abnormalities are a second frequent find- 
ing. The light and electron microscopic findings 
of the ocular changes in two patients who had 
this disorder are reported. 





Case Reports 





Case 1 

A 6-year-old boy was noted at 3 days of age to 
have jaundice and a cardiac murmur consistent 
with pulmonic stenosis. At 3 weeks of age, an 
intraoperative cholangiogram showed only a 
few intrahepatic bile ducts, and no extrahepatic 
bile duct was visualized at the time of laparoto- 
my. A cholecystoportohepatostomy (modified 
Kasai operation)? was performed. Jaundice was 
persistent, and between 4 and 5 years of age, 
hospitalizations were necessary for bowel ob- 
struction secondary to peritoneal adhesions, 
anasarca, and streptococcal sepsis. The pa- 
tient’s health declined, and jaundice, ascites, 
and respiratory distress persisted. Cardiac cath- 
eterization showed increased right ventricular 
pressure with severe pulmonic valvular steno- 
sis and pulmonary artery branch stenosis. A 
percutaneous balloon valvuloplasty was per- 
formed with some improvement of the respira- 
tory symptoms. Pertinent laboratory values ob- 
tained at the time of examination for possible 
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liver transplantation were as follows: total bili- 
rubin, 26.4 mg/dl with a direct bilirubin of 17.6 
mg/dl; alkaline phosphatase, 564 U/dl; serum 
glutamic oxaloacetic transaminase, 373 U/ml; 
serum glutamic pyruvic transaminase, 190 U/ 
ml; total protein, 8.0 g/dl; albumin, 3.8 g/dl; 
cholesterol, 372 mg/dl; and triglycerides, 193 
mg/dl. Serum vitamin E was 0.7 pg/ml (nor- 
mal, 5 to 10 pg/ml) and vitamin D was less than 
2 ng/ml (normal, 10 to 55 ng/ml). Lack of 
fusion of the anterior arches of several thoracic 
vertebrae (butterfly deformity) was noted ra- 
diologically. 

The patient had the dysmorphic facies (deep 
set eyes, hypertelorism, straight nose, small 
pointed chin) seen frequently in cases of Ala- 
gille’s syndrome. Ophthalmic examination was 
limited because the patient was not coopera- 
tive. There was prominent conjunctival icterus. 
The corneas were of normal dimension and had 
small concentric white rings slightly internal to 
the corneoscleral limbus, consistent with pos- 
terior embryotoxon. No iris or lens changes 
were noted. Gonioscopic and adequate oph- 
thalmoscopic examinations could not be per- 
formed. The posterior pole and optic disks 
were, however, visualized briefly and no pig- 
mentary changes or glaucomatous cupping 
were seen. At 6 years of age, the patient under- 
went hepatic allograft transplantation. Twelve 
hours later, he developed sudden ventricular 
tachycardia and hypotension, which did not 
respond to therapy, and he died. 

His liver, removed at the time of orthotopic 
hepatic transplantation, showed atresia of the 
hepatic duct with a paucity of intrahepatic bile 
ducts. Autopsy findings of note were pulmonic 
valvular stenosis, hypoplasia of the left pulmo- 
nary artery, and right ventricular hypertrophy. 
There was pronounced lipofuscin deposition in 
lymph nodes, spleen, and smooth muscles of 
the esophagus, gastrointestinal tract, and uri- 
nary bladder, which were related to the severe, 
chronic vitamin E deficiency. Lipofuscin depo- 
sition associated with advanced neuroaxonal 
dystrophy in the gracile and cuneate nuclei was 
also noted. There were xanthomas of the spinal 
cord dura mater and arteriosclerosis of the 
thoracic aorta and main pulmonary artery. Se- 
vere growth retardation was noted. 

Both eyes obtained at autopsy were similar, 
and pertinent macroscopic findings were limit- 
ed to the anterior segment and retina. The 
cornea showed a prominent, centrally dis- 
placed Schwalbe’s ring. Fine, filmy strands ex- 
tended to it from the iris root. Tiny gray nodules 


were seen on the anterior surface of the iris. 
Extensive retinal pigmentary change was not- 
ed. This consisted of a broad circumferential 
zone extending from the ora to the central 
retina of fine, star-shaped and dendritic, hyper- 
pigmented, black, intraretinal deposits with 
circular, lobulated, and often confluent, lightly 
depigmented underlying lesions at the level of 
the retinal pigment epithelium (Fig. 1). The 
posterior limits of the pigmentary change lay 
approximately 4 mm posterior to the equator, 
had a fairly distinct demarcation line, and 
spared the central retina. The choroid was thin 
and grossly unremarkable. The disk and optic 
nerve were normal. 

Histologically, the cornea had an enlarged 
and centrally displaced Schwalbe’s line with 
attached iris strands. Temporally, the chamber 
angle was closed by short anterior synechiae. 
There was prominent thinning of the iris root 
stroma. Near the pupil, aggregates of small, 
nonpigmented cells were noted, which had 
poorly defined cytoplasmic borders and small, 
uniform, round nuclei (Fig. 2). The ciliary mus- 
cle contained numerous periodic acid-Schiff 
stain—-positive, finely granular, and coarsely 
clumped deposits. There was prominent altera 
tion of the outer layers of the sensory retina and 
retinal pigment epithelium, which extended 
from the ora serrata to well behind the equator 
(Fig. 3). The outer plexiform layer was inappar- 
ent, and the outer nuclear layer was reduced to 





Fig. 1 (Johnson). Case 1. Gross photograph of the 
opened right eye showing the retinal pigmentary 
change that extends from near the ora to the central 
retina (X 5). 
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Throughout this zone, there was extensive atro- 
phy and focal hyperplasia of the retinal pig- 
ment epithelium. Some remaining pigment epi- 
thelial cells contained decreased amounts of 
melanin, whereas others were distended with 





Fig. 2 (Johnson). Case 1. 
Nodule on anterior iris sur- 
face composed of closely 
packed, small, uniform, 
round, and spindle-shaped 
cells (hematoxylin and eosin, 
x 500). 


one layer in thickness. Melanin pigment depos- 
its were numerous within the inner nuclear 
layer with fewer granules seen in the nerve fiber 
layer. The inner and outer segments of the 
photoreceptors were disrupted extensively. 


Fig. 3 (Johnson). Case 1. 
The retina shows degenera- 
tion of the photoreceptors, 
pronounced atrophy of the 
outer nuclear layer, and dis- 
persed melanin pigment at all 
levels. Most retinal pigment 
epithelial cells (open arrow- 
heads) appear distended and 
contain decreased amounts 
of melanin (1-pm plastic, to- 
luidine blue, X 450). 
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Fig. 4 (Johnson). Case 1. Electron micrograph of retinal pigment epithelial cell shows numerous lipofuscin 
granules (open arrowheads) of moderate density and only a few dense melanin granules. Clumped electron- 
dense material (arrow) is present between the plasmalemma of the retinal pigment epithelium and its basement 
membrane. Vesicular bodies and crystalline material are present in the inner collagenous portion (B) of Bruch’s 


membrane (X 4,300). 


PAS-positive granular material. Bruch’s mem- 
brane appeared unremarkable. The choroid and 
sclera were normal. There was mild disk edema; 
the optic nerve was unremarkable. 
Ultrastructurally, the retinal pigment epithe- 
lial cells of the involved peripheral and equato- 
rial zone contained large numbers of lipofuscin 
granules within their cytoplasm (Fig. 4). These 
far outnumbered the more dense melanin gran- 
ules, which were confined to the apical portions 
of the cell. In many, only few peripherally 
displaced melanin granules were noted with a 
lipofuscin:melanin ratio of approximately 4:1. 
Compound melanin and lipofuscin bodies were 
also common. Lamellar structures and residual 
bodies that represented engulfed outer segment 
photoreceptor material were noted. Autolytic 
change within the sensory retina precluded 
satisfactory interpretation. Abundant finely fi- 
brillar structures that contained clumped elec- 
tron-dense material were interposed between 


the retinal pigment epithelium plasmalemma 
and its basement membrane. Numerous vesicu- 
lar bodies, as well as fibrillar and dense crystal- 
line material, was deposited in the widened 
inner collagenous portion of Bruch’s mem- 
brane. The elastica was thickened. Few vesicu- 
lar bodies were scattered throughout the outer 
collagenous portion. The ciliary body disclosed 
numerous rounded and irregularly shaped ho- 
mogenous or finely granular lipofuscin depos- 
its of a slight to moderate density, which dis- 
tended the cytoplasm of many smooth muscle 
cells and occasionally indented their nuclei 


(Fig. 5). 


Case 2 

A 4%2-month-old girl was a full-term delivery 
by cesarean section for breech presentation. At 
12 hours of life, the patient was noted to be 
jaundiced and had hepatomegaly, cyanosis, 
and persistent vomiting. Total bilirubin level 
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Fig. 5 (Johnson). Case 1. Electron micrograph of ciliary body shows smooth muscle cell that contains numerous 
cytoplasmic lipofuscin deposits that indent its nucleus (X 12,100). 


was 14.4 mg/dl with a direct bilirubin level of 3 
mg/dl. By 3 weeks of age the jaundice had 
decreased, but six weeks later recurrent jaun- 
dice was noted. The results of a physical exami- 
nation at that time disclosed dysmorphic facies 
and posterior embryotoxon. A butterfly defor- 
mity of the thoracic vertebrae was apparent on 
radiologic examination. The results of an ex- 
ploratory laparotomy with cholangiogram and 
liver biopsy showed hypoplastic intrahepatic 
bile ducts. Two months later, the patient was 
again hospitalized because of repeated apneic 
episodes and irregular respirations. Prothrom- 
bin and partial thromboplastin times were 
more than 120 seconds. A computed tomo- 
graphic scan showed a large, right, cerebral 
hemispheric hemorrhage with edema and sub- 
falcial herniation. The patient was determined 
to be brain dead and life support was discontin- 
ued. 

At autopsy, pertinent systemic findings in- 
cluded jaundice with intrahepatic and extrahe- 
patic bile duct hypoplasia. There was right 
ventricular cardiac hypertrophy with peripher- 
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al pulmonary artery stenosis. Butterfly thoracic 
vertebrae were noted. The kidneys had medul- 
lary cysts. The lungs showed pulmonary edema 
and mild interstitial pneumonitis. Death result- 
ed from massive intracerebral hemorrhage with 
cerebellar tonsillar herniation. 

Similar findings were noted in both eyes 
obtained at autopsy. The sclera was icteric. The 
cornea showed a prominent centrally displaced 
Schwalbe’s line. The anterior chamber angle 
appeared to be open. A few iris strands extend- 
ed across the angle. The lens and vitreous were 
unremarkable. The retina had a prominent pe- 
ripheral Lange fold. No retinal pigmentary 
changes were seen in the artifactually opacified 
retina. Numerous bright red, flat and slightly 
raised, generally round hemorrhages were not- 
ed within and on the peripapillary retina. The 
optic disk margin appeared slightly elevated, 
and a small physiologic cup remained. Bright 
red hemorrhage was noted in the attached optic 
nerve meninges, especially in the subarachnoid 
space. 

Histologically, the pertinent findings were 
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Fig. 6 (Johnson). Case 2. There is an enlarged centrally displaced Schwalbe’s line. Marked thinning of the iris 


root stroma is present (hematoxylin and eosin, X 80). 


limited to the anterior segment. There was an 
enlarged centrally displaced Schwalbe’s ring 
(Fig. 6). Fine strands extended from it to the iris 
root slightly central to the trabecular mesh- 
work. No synechiae were present. There was 
conspicuous segmental thinning of the iris root 
stroma. Near the pupil, moundlike elevations 
were noted on the anterior iris surface that were 
composed of closely packed nonpigmented 
cells and had small round or ovoid uniform 
nuclei and scant cytoplasm with poorly defined 
cell borders (Fig. 7). The cells within the iris 
nodules resembled those seen within some of 
the iris root strands at their attachments to 
Schwalbe’s ring. The retina had no visible alter- 
ations of the outer layers or retinal pigment 
epithelium. Numerous, recent hemorrhages in- 
volved the nerve fiber, inner nuclear, and plexi- 
form layers, as well as the subhyaloid space. 
Additional hemorrhages were noted within the 
edematous optic disk and subarachnoid space 
of the optic nerve. 





Discussion 





Alagille’s syndrome is an autosomal domi- 
nant condition’ that initially occurs as persis- 


tent neonatal intrahepatic cholestasis associat- 
ed with a paucity of interlobular bile ducts.’ In 
a series of 80 cases, cardiovascular involvement 
in the form of peripheral pulmonary stenosis, 
isolated or at multiple sites, was noted in 68 
patients (85%).’ In the same study, skeletal 
abnormalities were an equally regular feature 
with the most common finding being butterfly 
vertebral arch defects seen in 70 of 80 patients 
(87%). Supposedly characteristic facies that in- 
clude prominent forehead, deep set eyes with 
mild hypertelorism, straight nose, and small 
pointed chin have been reported as a feature of 
this condition.*’"”” Sokol, Heubi, and Balis- 
treri” believe the facial findings are characteris- 
tic of congenital intrahepatic cholestasis, what- 
ever its cause, and are not specific for Alagille’s 
syndrome. At least six other syndromes with 
familial intrahepatic cholestasis have been rec- 
ognized. None of these have associated ocular 
findings.” Axenfeld’s syndrome and retinal pig- 
mentary abnormalities have, however, been re- 
garded as important markers for Alagille’s syn- 
drome. Of 13 patients reported in four 
published articles,** 12 (92%) had posterior 
embryotoxon and ten (77%) also had associated 
iris strands. The second most frequent finding 
was a retinal pigmentary abnormality seen in 
nine of 13 patients (69%). 
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Both patients in the present study had promi- 
nent axially displaced Schwalbe’s rings with 
fine attached iris strands clinically characteris- 
tic of Axenfeld’s syndrome. Additionally, both 
had striking peripheral iridic stromal atrophy 
and nodular aggregates of cells on the anterior 
border layer (Figs. 2 and 7). These possibly 
represent cellular islands derived developmen- 
tally from the monolayer of neural crest ecto- 
derm, which is also responsible for producing 
the peripheral iris strands. These cellular ag- 
gregates may be the histologic correlate of 
anomalous hypopigmented anterior iris tissue 
clumps described clinically in some of the re- 
ports.” Additional iris abnormalities reported 
on slit-lamp examination include corectopia,*” 
rudimentary coloboma,’ and thick iris root ves- 
sels.* These clinical and histologic features are 
those noted in the classic description by Rieger 
of mesodermal dysgenesis.“ I agree with 
Shields” that the variety of changes designated 
separately as Axenfeld’s and Rieger’s syn- 
dromes are a spectrum of alterations represent- 
ing different manifestations of the same devel- 
opmental disorder. Shields” proposes that the 
collective term Axenfeld-Rieger syndrome best 
describes this condition. I believe that careful 
slit-lamp examination in patients with Ala- 
gille’s syndrome will often show these addi- 
tional iris findings. 

Pigmentary retinopathy is a feature docu- 
mented in more than half of the patients with 
this syndrome and is probably an acquired 


Fig. 7 (Johnson). Case 2. 
Several small hypercellular 
nodules are present on the 
anterior iris surface (hema- 
toxylin and eosin, X 450). 


change, as it has not been seen in infants; it has 
been found only in patients who have survived 
with the cholestasis for some years. There are at 
least 40 diverse conditions” with a retinal pig- 
mentary degeneration and, in most, the respon- 
sible genetic or metabolic defect remains uncer- 
tain. Evidence suggests that failure of 
absorption of fat-soluble vitamins plays a major 
role in the evolution of the retinopathy in 
Alagille’s syndrome.” In this patient, there was 
a diffuse peripheral retinal pigment epithelial 
change composed of fine, reticulated, pale yel- 
low, flat lesions with well-defined borders. 
Fine, branching, often star-shaped, black pig- 
ment deposits were noted in the overlying sen- 
sory retina. Similar lesions affecting the retinal 
pigment epithelium have been noted in other- 
wise healthy individuals with vitamin A defi- 
ciency'*”’ and in experimentally induced vita- 
min A or E deficiencies in primates.” Both of 
these vitamins are believed to be important in 
maintaining the integrity of the photoreceptor 
outer segments. Vitamin A depletion results in 
uniform loss of the visual pigments rhodopsin 
and iodopsin, which interfere with the electro- 
physical requirements of vision and later with 
structural dismantling of the outer segments.” 
The mechanism of the visual role of vitamin E is 
less clear, but it is believed to have an impor- 
tant protective function as a lipid antioxidant 
for the extremely high concentration of polyun- 
saturated fatty acids found in the outer seg- 
ments.” 
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Ultrastructurally, the retinal pigment epithe- 
lium in Case 1 resembled that seen in animals 
experimentally deprived of vitamin A or E. 
Robison, Kuwabara, and Bieri” noted a fivefold 
increase in the number of lipofuscin granules in 
the retinal pigment epithelial cytoplasm of vita- 
min E deficient rats. In the 6-year-old patient 
(Case 1), massive lipofuscin accumulation was 
greater than that seen in normal elderly indi- 
viduals and, in this sense, resembled premature 
senescence.” Bruch’s membrane also reflected 
this excessive accumulation. Normally, decades 
of daily diurnal photoreceptor disk membrane 
phagocytosis by the retinal pigment epithelium 
with incomplete lysosomal enzymatic degrada- 
tion and cytoplasmic lipofuscin accumulation 
are required before these phospholipid mem- 
brane products are eventually deposited in 
Bruch’s membrane. This usually occurs after 
the fourth decade with deposition of these 
products extracellularly in the innermost col- 
lagenous portion of Bruch’s membrane.” In 
Case 1, what normally takes decades has been 
contracted into a few years by this apparent 
accelerated outer segment damage and turn- 
over. Vesicular bodies, fibrillar deposits, and 
crystalline material were noted in the widened 
inner collagenous layer of Bruch’s membrane. 
Additionally, abnormal basement membrane 
material, including widespaced collagen, was 
noted between the plasmalemma and basement 
membrane of the retinal pigment epithelium. 
This was similar in appearance to the diffuse 
drusen or basal laminar deposits seen in age- 
related maculopathy.”’ 

Other factors, still poorly understood, may 
additionally be operative in pigmentary degen- 
eration associated with Alagille’s syndrome. It 
has been assumed that the vitamin E deficiency 
seen in this syndrome was the result of inade- 
quate intestinal intraluminal concentration of 
bile salts necessary for solubilization and ab- 
sorption of fat-soluble vitamins and dietary 
lipids. In Alagille’s syndrome, a scarcity of 
intrahepatic interlobular bile ducts occurs. 
Ahdab-Barmada, Hashida, and Yunis” com- 
pared seven cases of Alagille’s syndrome ob- 
tained by autopsy with 14 children (age and 
disease length matched) who died of extrahe- 
patic biliary atresia. The extent of neuroaxonal 
dystrophy and lipofuscin storage was less se- 
vere in the latter group, and none of these had 
retinal pigmentary abnormalities. They con- 
cluded that chronic cholestasis by itself does 
not explain the mechanism of vitamin E malab- 
sorption or the deficient blood concentrations 


seen in Alagille’s syndrome. They did note, 
however, high levels of cholesterol in the chil- 
dren with Alagille’s syndrome. They speculated 
that the marked hypercholesterolemia or an 
associated basic chemical defect in the metabo- 
lism of liposoluble vitamins might explain the 
severity of the pigmentary degeneration in ar- 
teriohepatic dysplasia. Patients with the retina] 
pigmentary degeneration of Bassen-Kornzweig 
syndrome are also usually markedly hypercho- 
lesterolemic.” Altered lipid metabolism or de- 
fects in the metabolism of liposoluble vitamins 
may, therefore, be of fundamental importance 
in the understanding of some secondary forms 
of retinal pigmentary degeneration. 

Prompt recognition of this syndromic form of 
neonatal cholestasis with its ophthalmic mark- 
ers is crucial so that these children can be 
considered for early institution of therapy in 
the form of injectable fat-soluble vitamins to 
prevent or delay the subsequent evolution of 
the pigmentary retinopathy. Additionally, 
proper diagnosis of this condition as a predomi- 
nantly intrahepatic bile duct developmental 
problem avoids confusion with extrahepatic 
biliary atresia so that unnecessary anastomotic 
portoenterostomy surgery is avoided. 
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Cholesterol Localization in Ultrathin Frozen Sections in 


Schnyder’s Corneal Crystalline Dystrophy 


Merlyn M. Rodrigues, M.D., Howard S. Kruth, M.D., Jay H. Krachmer, M.D., 
Michael P. Vrabec, M.D., and Joan Blanchette-Mackie, Ph.D. 


We examined a 57-year-old woman who had 
bilateral corneal crystalline deposits associat- 
ed with xanthelasma. The patient’s son had 
bilateral stromal haze. Plasma cholesterol 
and apolipoprotein A-I and B levels were nor- 
mal. Histopathologic examination disclosed 
lipid deposits, particularly in the superficial 
stroma and Bowman’s layer. These deposits 
stained with oil red O and filipin, a fluores- 
cent probe that specifically detects unesteri- 
fiedcholesterol. Cryoultramicrotomy disclosed 
more specific ultrastructural localization of 
unesterified cholesterol with an array of crys- 
tals resembling multiple plates in extracellu- 
lar corneal tissue. 


ScHNYDER’S CORNEAL CRYSTALLINE DYSTROPHY 
may have a spectrum of clinical manifestations 
including crystalline and diffuse opacifica- 
tion.'* This autosomal dominant disease is oc- 
casionally associated with hyperlipidemia and 
genu valgum.* Rodrigues and associates’ have 
demonstrated that unesterified cholesterol is a 
major constituent in Schnyder’s dystrophy by 
using the fluorescent cholesterol probe filipin. 
We studied more specific localization of 


Published in honor of Lorenz E. Zimmerman, M.D. 

From the Department of Ophthalmology, Laboratory 
of Ophthalmic Pathology, University of Maryland, Balti- 
more, Maryland (Dr. Rodrigues); National Heart, Lung, 
and Blood Institute (Dr. Kruth) and National Institute of 
Arthritis, Diabetes and Digestive Kidney Diseases (Dr. 
Blanchette-Mackie), National Institutes of Health, Be- 
thesda, Maryland; and the lowa Lions Cornea Center, 
University of lowa, lowa City, lowa (Drs. Krachmer and 
Vrabec). This study was supported in part by an unre- 
stricted grant from Research to Prevent Blindness, Inc. 
(Dr. Krachmer). Dr. Rodrigues is a recipient of a senior 
scientist award from Research to Prevent Blindness, Inc. 

Reprint requests to Merlyn M. Rodrigues, M.D., Uni- 
versity of Maryland at Baltimore, Medical School Teach- 
ing Facility, 10 S. Pine St., Rm. 5-00B, Baltimore, MD 
21201. 


unesterified cholesterol by using cryosections 
stained with filipin and examined by light and 
electron microscopy. 


Case Report 


In August 1987, a 57-year-old woman was 
referred to the lowa Lions Cornea Center be- 
cause of bilateral opacification of the cornea 
with painless decrease of vision for one year. 
The patient also complained of photophobia. 
Her medical history was significant for hyper- 
tension for which she was taking medications. 

The results of a general physical examination 
showed obesity and xanthelasma. Best-correct- 
ed visual acuity was R.E.: counting fingers at 3 
feet and L.E.: 20/50. Visual fields, extraocular 
muscles, and pupillary reactions were normal. 
The result of a slit-lamp examination of both 
corneas disclosed a prominent arcus cornealis 
with peripheral stromal haze and a central 
crystalline deposition in the anterior stroma 
(Figs. 1 and 2). A dense posterior subcapsular 
cataract of the right eye was noted. Intraocular 
pressures and fundi were normal bilaterally. 
Results of preoperative laboratory tests showed 
normal urinalysis, blood cell count, and serum 
electrolyte levels. Total cholesterol level was 
196 mg/dl, triglyceride level was 143 mg/dl, 
apolipoprotein A-I level was 138 mg/dl, and 
apolipoprotein B level was 89 mg/dl. All values 
were within normal limits. 

The patient’s mother had a similar clouding 
of the cornea. The results of an examination of 
one son showed no abnormal ocular findings. 
Her other son, however, had prominent limbal 
girdles of Vogt and a haze of the total stroma, 
both centrally and in the periphery. This family 
is not related to others described with Schny- 
der’s dystrophy. A penetrating keratoplasty, 
extracapsular cataract extraction, and posterior 
capsular intraocular lens insertion were per- 
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Fig. 1 (Rodrigues and associates). Crystalline opac- 
ities associated with arcus cornealis. 


formed in the right eye. On Jan. 16, 1990, 
best-corrected visual acuity was R.E.: 20/25. 





Material and Methods 





The specimen was received in 3% parafor- 
maldehyde. Half of the corneal button was 
processed for cryoultramicrotomy. Small pieces 
of cornea were refixed with paraformaldehyde 
and 0.2% glutaraldehyde in 0.2-mol/1 sodium 
cacodylate buffer at pH 7.4 for 30 minutes at 4 
C. Samples were rinsed three times for five 
minutes each in 0.2-mol/1 sodium cacodylate 
buffer and three times for five minutes each in 
phosphate-buffered saline at pH 7.4. Samples 
were prepared for cryoultramicrotomy accord- 
ing to the method of Tokuyasu.’ Briefly, tissue 
samples less than 1.0 mm in size were infused 
with 2.3-mol/1 sucrose in phosphate-buffered 
saline at pH 7.4 for two hours at 4 C, mounted 
in a drop of 2.3-mol/l sucrose on a specimen 
holder, and plunged rapidly into liquid nitro- 
gen. Thin (0.5 pm) and ultrathin (less than 0.1 
wm) cryosections were cut at —110 C on a 
microtome equipped with a cryobowl attach- 
ment. The thin sections were transferred to 
plastic eight-well slides for light microscopy, 
and ultrathin sections were transferred with a 
platinum loop on drops of sucrose and gelatin 
to formvar-coated and carbon-coated 300-mesh 
gold grids for electron microscopy. A portion of 
the remaining tissue was cryosectioned for 





Fig. 2 (Rodrigues and associates). Superficial stro- 
mal crystalline opacities. 


light microscopy and stained with filipin and 
oil red O as previously described."* 

Cryosections for light microscopy were 
stained for the localization of unesterified cho- 
lesterol with the polyene antibiotic filipin, 
which forms complexes with cholesterol that 
are fluorescent with ultraviolet light.°* These 
filipin and cholesterol complexes can also be 
visualized by electron microscopy. Thin cryo- 
sections on slides were stained with 0.05 mg 
of filipin per 1 ml of phosphate-buffered saline 
for five to ten minutes, washed in phosphate- 
buffered saline for three to five minutes, and 
mounted in paraphenylenediamine.” Slides 
were viewed by using a fluorescence micro- 
scope and excitation filter of 350 to 410 nm and 
an absorption filter of 470 nm. Because filipin 
does not stain esterified cholesterol (the oily 
form of cholesterol with an attached fatty acid) 
we also stained sections with oil red O to detect 
this form of cholesterol. 

For electron microscopy, ultrathin cryosec- 
tions on grids were stained with 0.25 mg of 
filipin per 1 ml of phosphate-buffered saline for 
one to five minutes. Grids were placed face 
down on 20-pl drops of filipin phosphate-buf- 
fered saline on formvar, washed on drops of 
phosphate-buffered saline, and stained nega- 
tively with phosphotungstic acid or embedded 
in methylcellulose. Grids were viewed in an 
electron microscope at 80 kV. Filipin and cho- 
lesterol complexes were seen as scalloped in- 
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dentations of edges of flattened cholesterol 
minicrystals or as small apertured plates. 


Results 


The corneal epithelium appeared normal in 
thickness. Bowman’s layer was irregular and 
focally absent. Descemet’s membrane and cor- 
neal endothelium were intact structurally. Spe- 
cial stains for lipid disclosed diffuse and weak 
oil red O staining of the anterior stroma. Bow- 
man’s membrane and the superficial portion of 
Descemet’s membrane, however, stained in- 
tensely with oil red O. Deposits of filipin- 
stained lipid (unesterified cholesterol) had ac- 
cumulated most extensively in the immediate 
subepithelial and superficial stromal region in 
and around Bowman’s membrane (Figs. 3 and 
4). Most lipid deposits that could be resolved at 
the light microscopic level appeared to have an 
extracellular distribution. Small punctate de- 
posits, however, were also detected in some 
epithelial cells (Fig. 4). 

Electron microscopy of cryosections disclosed 
flattened cholesterol crystals interspersed with 
randomly arranged collagen fibrils (Fig. 5). 
Filipin and unesterified cholesterol complexes 
with spherical particles were associated with 
flattened cholesterol crystals (Fig. 5). These 
deposits were most abundant in the superficial 
stroma and subepithelial region and corre- 
sponded to dissolved cholesterol in separate 
tissue that was processed for routine transmis- 
sion electron microscopy. 





Fig. 3 (Rodrigues and associates). Deposits of fili- 
pin-stained lipid (unesterified cholesterol) have accu- 
mulated in the subepithelial stromal region in and 
around Bowman’s membrane (fluorescence, X 230). 





Discussion 





Schnyder’s corneal crystalline dystrophy is 
inherited as an autosomal dominant disease 
and may be associated with a prominent arcus 
cornealis, as in our patient. Serum lipids and 
cholesterol are increased in some individuals*” 
or normal in others, including our patient. The 
major constituents of the abnormal deposits 
appear to be unesterified cholesterol with 
smaller amounts of other lipid.* Previous ultra- 
structural studies have demonstrated apertured 
and notched crystals that were most abundant 
in the superficial to middle stroma.’*"’“ These 
structures have been interpreted as probable 
dissolved cholesterol because of the residual 
empty spaces in tissues from which cholesterol 
and lipid are extracted because of tissue dehy- 
dration with alcohols during processing. In a 
recent case report, lipid deposits were observed 
in all levels of the corneal stroma, including the 
posterior layers adjacent to Descemet’s mem- 
brane.” These posterior corneal layers, howev- 
er, were uninvolved in our patient. 

Recent advances in cryoultramicrotomy are 
beneficial to studies on lipid localization in 
tissues. Conventional ultrastructural studies 





Fig. 4 (Rodrigues and associates). Fluorescent pho 
tomicrograph of 0.5-~m cryosection of human cor- 
nea stained with filipin for fluorescent visualization 
of unesterified cholesterol. Small fluorescent depos- 
its are distributed randomly throughout the cornea 
and larger deposits (arrow) are present beneath the 
epithelium (E). Note also small punctate deposits 


Ac 


within the epithelial cells near the nuclei (x 525). 
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Fig. 5 (Rodrigues and associates). Electron micro- 
graph of the area beneath the epithelium shown in 
Figure 4. Filipin and unesterified cholesterol com- 
plexes (arrows) are associated with flattened choles- 
terol crystals (C) interspersed with randomly ar- 
ranged collagen fibrils (F) (x 71,000). 


require the use of osmium tetroxide fixation, 
organic solvents, and resins that may dissolve 
some lipids. The development of cryoultrami- 
crotomy to produce ultrathin sections of cryo- 
preserved lipid-laden tissue avoids contact of 
this tissue with compounds affecting the solu- 
bility and reorganization of lipids. Cryosec- 
tions can also be reacted directly with probes 
for lipid molecules, such as filipin for unesteri- 
fied cholesterol. Filipin-sterol fluorescence can 
be visualized with the light microscope and 
filipin-sterol complexes are also identifiable 
with the electron microscope as perturbations 
of cholesterol-containing structures. The visua- 
lization of cholesterol at the ultrastructural 





November, 1990 


level with filipin depends upon producing some 
identifiable complexes without disrupting com- 
pletely the underlying cholesterol-enriched 
structures. Cryoultramicrotomy and filipin 
staining of cornea from our patient demonstrat- 
ed a flattened arrangement of unesterified cho- 
lesterol crystals in the extracellular space. Fur- 
ther investigation of cryosections by using the 
filipin probe may identify other cholesterol- 
enriched extracellular structures in Schnyder’s 
corneal dystrophy. 

Schnyder’s dystrophy in most cases appears 
to represent abnormal lipid metabolism that is 
localized to the cornea. Filipin-stained deposits 
of unesterified cholesterol have been reported 
within human and animal atherosclerotic le- 
sions." In atherosclerotic vessels the cholester- 
ol is considered to be derived from plasma 
lipoprotein. Since Schnyder’s corneal dystro- 
phy is avascular, the source of the abnormal 
cholesterol and lipid is unknown and should 
stimulate further studies. Whether or not the 
source of the abnormal cholesterol in Schny- 
der’s corneal dystrophy is derived from plasma 
lipoproteins or directly from cells remains to be 
determined. 
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OPHTHALMIC MINIATURE 
“This’ll puzzle the nasty little underground creature,” he thought: 


An eye in a blue face 

Saw an eye in a green face. 
“That eye is like to this eye” 
Said the first eye, 

‘But in low place 

Not in high place.” 


“Ss, ss, ss,” said Gollum. He had been underground a long long time, and 
was forgetting this sort of thing. But just as Bilbo was beginning to hope 
that the wretch would not be able to answer, Gollum brought up memories 
of ages and ages and ages before, when he lived with his grandmother in a 
hole in a bank of a river, “Sss, sss, my preciouss he said. “‘Sun on the daisies 


it means, it does.” 


J. R. R. Tolkien, The Hobbit 


Boston, Houghton Mifflin, 1966, pp. 85 and 86 


Traumatic Enucleation for Posterior Uveal Melanoma 


Charles S. Specht, M.D., lan W. McLean, M.D., and Byron W. Biscoe, M.D. 


Two features of eyes enucleated for posteri- 
or uveal melanoma that may serve as indica- 
tors for traumatic enucleation and relate to 
dissemination of tumor cells at the time of 
enucleation are myelin artifact of the optic 
nerve head and acute hemorrhage within the 
tumor. Myelin artifact occurs when crushed 
optic nerve tissue is squeezed into the eye at 
the time of enucleation. Intralesional hemor- 
rhage may occur during surgery and may be 
correlated with fluctuations in intraocular 
pressure. We reviewed 519 cases of posterior 
uveal melanoma treated by enucleation be- 
tween 1950 and 1970. Without knowledge of 
the follow-up data, we examined histologic 
sections for myelin artifact, intralesional 
hemorrhage, subretinal hemorrhage, Callen- 
der cell type, size of tumor, necrosis, and 
scleral or orbital invasion. Neither myelin 
artifact nor intralesional hemorrhage were 
independent prognostic risk factors. These 
findings do not support or refute the hypothe- 
sis that excessive trauma during enucleation 
results in a worse prognosis. 


Basep on THE OBSERVATION that the death rate 
rises after enucleation, Zimmerman and Mc- 
Lean’ hypothesized that enucleation may have 
an adverse effect on survival. Their analyses of 
data from the Armed Forces Institute of Pathol- 
ogy indicate that few patients have detectable 
metastases before surgery and some patients 
whose eyes are not enucleated survive for many 
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years without metastases. The purpose of this 
study is to determine whether histologic fea- 
tures that have been associated with surgical 
trauma are associated with increased mortality. 
We selected myelin artifact and acute intrale- 
sional hemorrhage as putative histologic corre- 
lates for extreme intraocular pressure changes 
during enucleation. 


Material and Methods 


From the files of the Registry of Ophthalmic 
Pathology at the Armed Forces Institute of Pa- 
thology, we retrieved 519 cases of patients with 
uveal malignant melanoma accessioned be- 
tween 1950 and 1970. All cases retrieved had 
technically acceptable hematoxylin and eosin- 
stained histologic sections, and follow-up data 
were available. There were no iris melanomas 
in this set of cases. Without knowledge of the 
follow-up data, the histologic sections were 
examined for myelin artifact, intralesional 
hemorrhage, subretinal hemorrhage, Callender 
cell type, size of tumor, necrosis, and scleral or 
orbital invasion. The risk factors were coded as 
follows: myelin artifact as present or absent; 
intralesional hemorrhage as 0 to 4 (0 if there 
was no hemorrhage in the tumor, 1 if there was 
hemorrhage in less than 5% of the tumor in 
section, 2 if there was hemorrhage in 5% to 
25% of the tumor in section, 3 if there was 
hemorrhage in greater than 25% to 50% of the 
tumor in section, 4 if there was hemorrhage in 
more than 50% of the tumor in section); subret- 
inal hemorrhage as present or absent; Callen- 
der cell type as spindle, mixed, or epithelioid; 
tumor size as measurement of the largest di- 
mension; necrosis as 0 to 4 with the same scale 
as for intralesional hemorrhage; and scleral 
invasion and orbital invasion as present or 
absent. Life tables and statistical analyses were 
based on deaths caused by metastatic melano- 
ma. The Cox Proportional Hazard Model’ was 
used to analyze the association between these 
risk factors and cause-specific survival of the 
patients. To test the significance of a risk factor 
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Fig. 1 (Specht, McLean, and Biscoe). Gross photo- 
graph of myelin artifact with myelin in subretinal 
space (pseudopapilledema), vitreous (arrow), and 
retinal vessels. 


in the presence of covariables, the likelihood of 
a Cox model consisting only of the covariables 
was compared with the likelihood of a Cox 
model consisting of the covariables plus the 
risk factor. The statistic, —2log(likelihood ra- 
tio), generated by this test is approximately 
distributed as chi-square with one degree of 
freedom.’ 


Results 


Of the 519 cases of uveal malignant melano- 
ma examined, 73 (14%) showed myelin artifact 





(Figs. 1 and 2) and 213 (41%) showed intrale- 
sional hemorrhage. By univariate analysis, in- 
tralesional hemorrhage appeared to have a sta- 
tistically significant effect on patient outcome 
(chi-square = 26.8, P < .00001). By this statisti- 
cal method, intralesional hemorrhage ranked 
fourth among the risk factors examined in prog- 
nostic importance behind cell type, tumor size, 
and necrosis (Table 1). The presence of myelin 
artifact was not associated with a statistically 
significant prognostic effect (chi-square = 1.27, 
P = .3). Multivariate analysis with the Cox 
Proportional Hazard Model was used to deter- 
mine if the association between intralesiona! 
hemorrhage and death from metastatic tumor 
observed in Table 1 was the result of confound- 
ing effects. The likelihood ratio test indicated 
that intralesional hemorrhage was not a signifi- 
cant variable when included in a multivariate 
model containing cell type, tumor size, and 
necrosis (chi-square = 0.7, P = .4, Table 2). 





Discussion 


Surgical removal of an eye containing a tu- 
mor may cause dissemination of tumor cells. 
Mechanical factors may promote the release of 
tumor cells into the circulation at the time of 
surgery; removal of the primary tumor may 
impair the tumor-specific immune response; 
and administration of anesthetic agents may 
have an immunosuppressive effect at the time 


Fig. 2 (Specht, McLean, and 
Biscoe). Photomicrograph of mye- 
lin in a peripapillary retinal vein 
(hematoxylin and eosin, X 300). 


520 AMERICAN JOURNAL OF OPHTHALMOLOGY 


November, 1990 





TABLE 1 
UNIVARIATE ANALYSIS OF MYELIN ARTIFACT, 
INTRALESIONAL HEMORRHAGE, AND SIGNIFICANT 





COVARIABLES 
VARIABLES CHI-SQUARE 
Callender cell type 54.50 
Size of tumor 54.10 
Necrosis of tumor 35.40 
Intralesional hemorrhage 26.80 
Myelin artifact 1.27 


of surgery.’ We hypothesize that myelin artifact 
and intralesional hemorrhage may be histologic 
markers for a more traumatic enucleation. 

Fraunfelder and associates’ have suggested 
that mechanical factors are important in metas- 
tasis of uveal melanoma. They measured dra- 
matic variations in the intraocular pressure 
during enucleation. The greatest increase of 
intraocular pressure occurred when the optic 
nerve was severed. When the optic nerve is cut, 
crushed optic nerve debris may be squeezed 
into the retinal vessels, into the peripapillary 
subretinal space (creating pseudopapilledema), 
and into the vitreous cavity (Figs. 1 and 2). This 
crushed optic nerve debris is the myelin artifact 
that can be seen on histologic sections. In our 
series, this phenomenon occurred in 73 (14%) 
of the enucleations for uveal melanoma. A 
volume of tissue or fluid equal to the volume of 
the optic nerve tissue squeezed into the eye 
must be forced out. Most of the blood vessels in 
uveal melanomas are lined only by delicate 
endothelium; thus, some of the material flushed 
out of the eye could be tumor cells. Interpreta- 
tion of the effect of myelin being squeezed into 
the eye at the time of enucleation should be 
tempered with the realization that severance of 
the optic nerve occurs at the end of the enuclea- 
tion procedure. At this point in the enucleation, 
the vortex veins that drain blood from the uvea 
have usually been severed, and therefore it is 
unlikely that tumor cells could be forced into 
the circulation. 

Intralesional hemorrhage could occur with 
disruption of thin-walled blood vessels during 
the intraocular pressure changes associated 
with enucleation. These hemorrhages may be a 
marker for tumor cell intravasation. This hy- 
pothesis is based on the work of Young and 
Griffith,” who showed the relationship between 
hemorrhage and intravasation with a hydrody- 
namic model in a closed system. The model was 
based on fluid flowing through a collapsible 


TABLE 2 
COMPARISON OF TWO MULTIVARIATE COX MODELS 
TO EVALUATE THE SIGNIFICANCE OF INTRALESIONAL 
HEMORRHAGE IN THE PRESENCE OF COVARIABLES 





VARIABLES CHI-SQUARE 
Hemorrhage + cell type + size + necrosis 103.6 
Cell type + size + necrosis 102.9 
Difference 0.7 





porous tube. There was a pressure gradient in 
the tube because of the resistance in the tube to 
the flowing fluid. Extravasation always oc- 
curred when the external pressure was less than 
the intraluminal pressure leaving the system. 
When the external pressure exceeded the inter- 
nal pressure entering the system, the tube col- 
lapsed, which prevented flow and intravasa- 
tion. Intravasation could only occur when the 
external pressure was less than the internal 
pressure entering the system and greater than 
the internal pressure leaving the system. This 
situation is unlikely unless there is pulsating 
pressure causing both intravasation and extrav- 
asation during different phases of the pressure 
cycle. This model is directly applicable to the 
eye, which is an inelastic sphere and thus may 
be considered a closed pressure system. Based 
on this model, extravasation of blood in choroi- 
dal melanomas that results from fluctuations of 
intraocular pressure would occur when intra- 
vasation of tumor cells occurs. Given the varia- 
tion in intraocular pressure that Fraunfelder 
and associates’ observed during enucleation, 
such a scenario is reasonable. The hydrody- 
namic model’ also predicts that extravasation of 
erythrocytes can occur without intravasation of 
tumor cells when there are sustained decreases 
in intraocular pressure. Furthermore, the deli- 
cate thin-walled blood vessels of uveal melano- 
mas could rupture with complete dissolution, 
which results in hemorrhage but militates 
against intraluminal transport of tumor cells. 
This interpretation of the data suggests that 
myelin artifact and intralesional hemorrhage 
may represent invalid indicators for intraocular 
pressure alterations conducive to tumor cell 
egress from the eye. Myelin artifact is an imper- 
fect marker because it occurs at the end of the 
enucleation, usually after the vortex veins are 
severed. Acute hemorrhage is an imperfect 
marker because it can occur in the absence of 
tumor cell intravasation. Thus, the results of 
this study neither support nor refute the hy- 
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pothesis that some deaths from metastatic 
uveal melanoma after enucleation result from 
iatrogenic dissemination of tumor cells. We can 
only conclude that these markers do not corre- 
late with iatrogenic dissemination if it occurs. 
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OPHTHALMIC MINIATURE 
The following verses should be found very helpful to one seeking the fit 


time for couch of cataracts. 
Couch cataracts upon 
a day so faire, 
That neither wind nor 
clouds disturbe the Ayre, 
When Spring with simples 
fils the Earth’s rich lap, 
Or Autumne makes 
the tree put off his cap, 
The Moone ith full, 
or in conjunction sly, 
Or tracing Aries, 
Or in Gemini. 


Richard Banister, A Treatise of 113 Diseases of the Eye and Eyelids 


Stanford England, 1622 








A Randomized Study of Methanol-Extraction Residue of 


Bacille Calmette-Guerin as Postsurgical Adjuvant Therapy 


of Uveal Melanoma 





Ian W. McLean, M.D., David Berd, M.D., Michael J. Mastrangelo, M.D., 
Jerry A. Shields, M.D., Frederick H. Davidorf, M.D., Michael Grever, M.D., 
Torrance A. Makley, M.D., and John W. Gamel, M.D. 


A randomized controlled clinical trial of 
methanol-extracted residue of bacille Cal- 
mette-Guerin adjuvant treatment of posterior 
uveal melanoma was undertaken. Of 113 pa- 
tients, 34 patients received adjuvant immuno- 
therapy and 79 patients received no treatment. 
No difference in survival was observed be- 
tween the adjuvant-treated group and the con- 
trol group of patients. This study found that 
the size of the tumor was a highly significant 
risk factor for death caused by metastasis of 
uveal melanomas. The standard deviation of 
the nucleolar area of the neoplastic cells was a 
significant risk factor, even though patients 
with tumors composed of Callender’s spindle- 
type cells were not included in the study. 


Ma icnant MELANOMA OF THE CHOROID has 
several unique clinical features. Because this 
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tumor produces visual symptoms at an early 
stage in its growth and is detected by ophthal- 
mologic examination, it is usually diagnosed 
when localized. About 95% of tumors are com- 
pletely resected with enucleation of the eye, at 
which time there is almost never any clinically 
detectable metastatic disease. At least 50% of 
patients eventually die of metastatic disease,'” 
however, which indicates that microscopic me- 
tastases are commonly present at the time of 
treatment. The interval from surgery until the 
appearance of metastases can be remarkably 
long; the median time to death for patients with 
metastasis has been estimated to be seven 
years.’ Once metastatic foci grow large enough 
to be detected clinically the patient has a rapid 
downhill course with death usually occurring 
within a year. Treatment of detected metastatic 
melanoma is limited to palliative chemothera- 


y. 

In September 1977, we began a study to 
determine whether postoperative adjuvant im- 
munotherapy could improve the prognosis of 
patients with high risk of metastasis of choroi- 
dal melanoma. The rationale for our approach 
was that the stimulation of the immune system 
might result in elimination of micrometastases. 
The immunostimulant chosen for testing was 
the methanol-extraction residue of bacille Cal- 
mette-Guerin.? We found that this immunother- 
apy did not significantly alter the clinical 
course of this tumor. 


Subjects and Methods 


The study subjects consisted of patients from 
Wills Eye Hospital and Ohio State University 
Hospital who had undergone enucleation for 
treatment of choroidal melanoma. Histologic 
sections were reviewed by one of us (1.W.M.). 
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Patients with tumors of pure spindle-cell type 
were not considered for the study. Patients with 
mixed-cell, epithelioid, or necrotic type tumors 
were considered eligible if they met the follow- 
ing criteria: age less than 76 years; no history of 
other malignancies, except basal cell carcino- 
ma, within the past ten years; normal renal and 
hepatic function (blood urea nitrogen level < 
25 mg/dl; bilirubin level < 2.0 mg/dl); excel- 
lent performance status (Karnofsky scale > 
80)*; and no administration of corticosteroids or 
cytotoxic chemotherapy. 

Eligible patients were randomly assigned to 
groups receiving either methanol-extracted res- 
idue of bacille Calmette-Guerin or no treat- 
ment, after stratification by age (55 years or less 
vs greater than 55 years), longest tumor diame- 
ter (10 mm or less vs greater than 10 mm), 
depth of invasion into the sclera (25% or less vs 
greater than 25%), and frequency of mitotic 
figures in the tissue sections (zero or one/40 
high-powered fields [x 40] vs greater than one/ 
40 high-powered fields). Informed consent was 
obtained from the patients. In all patients, 
immunotherapy was initiated within eight 
weeks of enucleation. 

A total of 118 patients were entered in the 
study from September 1977 to March 1982. The 
yearly accrual rate was as follows: 1977 (four 
months), 16 patients; 1978, 23 patients; 1979, 
33 patients; 1980, 22 patients; 1981, 18 pa- 
tients; and 1982 (three months), six patients. Of 
the patients, 62 were from Wills Eye Hospital 
and 56 were from Ohio State University Hospi- 
tal. 

Thirty-nine patients received immunothera- 
py and 79 received no treatment. The size of the 
groups differed because 49 patients originally 
randomized to receive methanol-extracted resi- 
due of bacille Calmette-Guerin refused treat- 
ment and were therefore analyzed as untreated 
controls. Five patients in the adjuvant-treated 
group were not evaluated, because they did not 
receive at least six months of treatment. Three 
of these patients refused further treatment after 
one, two, and four months, respectively, be- 
cause of intolerable local toxicity; the other two 
patients were removed from the protocol be- 
cause of intercurrent illness after two and three 
months (acute cholecystitis requiring surgery; 
severe urticarial reaction to aspirin). Therefore, 
the total number of evaluable patients was 34 in 
the group receiving immunotherapy and 79 in 
the group receiving no treatment. 

Each dose was administered by intradermal 
injection in five adjacent sites on the patients’ 
backs. It was initially injected weekly for four 


weeks in the following dosages: 1.0 mg in the 
first week; 0.5 mg in the second week; 0.25 mg 
in the third week; and 0.10 mg in the fourth 
week. After the initial four injections, 0.10 mg 
was injected monthly for 11 months. The dose 
was reduced by half if the previous dose caused 
a severe local reaction (ulceration greater than 
10 mm) or severe systemic toxicity (temperature 
greater than 102 F or shaking chills). 

All patients, adjuvant-treated and controls, 
underwent clinical examination by a medical 
oncologist every three months for three years, 
then every six months for as long as they 
remained well. Before entering the study, the 
following tests were done: blood tests (com- 
plete blood cell count, differential count, plate- 
let count, blood urea nitrogen level, creatinine 
level, alkaline phosphatase level, serum glu- 
tamic-oxaloacetic transaminase level, lactic de- 
hydrogenase level, and bilirubin level); chest 
x-ray; whole lung tomograms; isotope liver 
scan, bone scan, and brain scan; and urinalysis. 
With each clinical examination, the blood tests 
and a chest x-ray were repeated. Follow-up liver 
scans were performed on alternate visits, and 
other tests were carried out as indicated by the 
clinical examination. 

Using standard hematoxylin and eosin- 
stained histologic sections prepared through 
the approximate center of the tumor, we deter- 
mined the modified Callender cell type,’ largest 
tumor dimension, and standard deviation of the 
nucleolar area. The cross-sectional area of the 
nucleoli was measured by using a computer- 
assisted camera lucida system, and the standard 
deviation was calculated from 200 randomly 
selected cells in each of the uveal melanomas.’ 

The survival of patients who received immu- 
notherapy was compared with the survival of 
patients who received no treatment by using 
Kaplan-Meier survival analysis’ and the Cox- 
Mantel test.2 The Cox Proportional Hazard 
Model® was used to estimate the degree of 
association of adjuvant treatment, size of the 
tumor, and standard deviation of the nucleolar 
area of the tumor with tumor-related mortality. 
The significance of these associations was de- 
termined by using likelihood ratio tests.’ 


Results 


The injection of methanol-extracted residue 
of bacille Calmette-Guerin caused a local reac- 
tion, which consisted of an erythematous pap- 
ule that became ulcerated and then healed over 
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a period of several weeks, leaving a small scar. 
Local reactions were not apparent until the 
third or fourth injection. In 26 of the 34 pa- 
tients, the reactions were severe enough to 
necessitate attenuation of the planned dose, 
and seven patients had the adjuvant treatment 
prematurely discontinued because of painful 
ulceration. Most patients had mild systemic 
reactions, which consisted of low-grade fever 
and malaise for 24 hours after each injection. 
No other toxicity was observed. There were no 
immunotherapy-related changes in kidney or 
liver function or in blood cell counts. 

Of 43 patients in whom the initial site of 
metastases was documented, 34 (79%) first 
developed metastases in the liver. The other 
nine patients had metastases in the lung (five 
patients), skin (two patients), bone (one pa- 
tient), and brain (one patient). The median time 
from development of metastases to death was 
two months (range, one to 31 months). 

The values for possible confounding varia- 
bles in the untreated control group and adju- 
vant-treated group of patients were compared 
to determine if our randomization was success- 
ful in achieving balance. We compared the 
means for age of the patient, standard deviation 
of the nucleolar area, and size of the tumor by 
using t-tests and found no significant differenc- 
es (P = .6, P = .8, P = .8, respectively) between 
the treatment group and the control group. The 
sex distribution of the patients in the treatment 
group and the control group was compared 
with the chi-square test, and there was no 
significant difference (P = .98). 

Follow-up of the 79 patients who did not 
receive immunotherapy disclosed that 24 died 
with metastatic melanoma and nine died of 
unrelated causes. In the group of 34 adjuvant- 
treated patients, 14 died with metastasis and 
two died of other causes. The median length of 
follow-up was 5.35 years in the control group 
and 5.69 years in the treated group. Five un- 
treated patients and one treated patient were 
alive with metastasis at the last follow-up. Sur- 
vival rates based on deaths caused by metastat- 
ic melanoma for the adjuvant-treated patients 
and the control patients were calculated by 
using the Kaplan-Meier method (Figure) and 
compared by using the Cox-Mantel test. No 
significant difference in survival rates was ob- 
served (P = .60). When survival rates were 
based on all causes of death, again there was no 
significant difference (P = .97) between the 
treated group and the control group. 

The survival data with the force of mortality 
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based on deaths caused by metastatic melano- 
mas were analyzed by using the Cox Propor- 
tional Hazard Model. The individual risk fac- 
tors that were associated with tumor-related 
mortality were size of the tumor (chi-square = 
18.3, P = 1.9 x 1075) and standard deviation of 
the nucleolar area (chi-square = 4.3, P = .04). 
Treatment with methanol-extracted residue of 
bacille Calmette-Guerin was not a significant 
factor affecting patient outcome (chi-square = 
0.52, P = .5). When the risk factors were ana- 
lyzed in both groups, size of the tumors was 
still highly associated with tumor-related mor- 
tality (chi-square = 17.5, P = 2.9 x 107); 
however, standard deviation of the nucleolar 
area was less significantly associated with the 
outcome (chi-square = 3.5, P = .06). This 
multivariate analysis did not disclose any asso- 
ciation between adjuvant treatment and mor- 
tality that was masked by the size of the tumor 
and the standard deviation of nucleolar area 
(chi-square = 0.56, P = .5). 


Discussion 


Adjuvant immunotherapy of choroidal mela- 
nomas is based on a strong rationale. Clearly, 
many patients with this tumor have hematoge- 
nous dissemination at the time of enucleation. 
Moreover, the relatively long interval between 
primary treatment and clinical evidence of me- 
tastases indicates that the tumor cell burden 
remains low for a long period of time. 

The use of adjuvant chemotherapy is limited 
because there is no highly effective chemother- 
apy for clinically evident metastases.’”" In a 
preliminary study, however, Sellami and asso- 
ciates” reported some encouraging results with 
combination chemotherapy. Since most ocular 
melanomas metastasize initially to the liver, 
another possible adjuvant chemotherapeutic 
approach is direct infusion of the hepatic artery 
with cytotoxic drugs. Carrasco and associates” 
have reported regression of liver metastases in 
patients treated by infusion of the hepatic ar- 
tery with polyvinyl sponge and cisplatin. 

Adjuvant immunotherapy of ocular melano- 
mas was and continues to be an attractive 
possibility for several reasons. The long inter- 
val from primary treatment to metastases sug- 
gests that immunologic defense mechanisms 
may be operative. Primary and metastatic cho- 
roidal melanoma have occasionally been noted 
to regress spontaneously. Choroidal melano- 
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ma cells probably express tumor-associated 
antigens.” At the time this study was begun 
there was a good deal of excitement about the 
use of nonspecific immunostimulants, including 
methanol-extracted residue of bacille Calmette- 
Guerin, in the treatment of cancer. A report by 
Moertel and associates suggested that this 
therapy had significant antitumor activity with 
modest toxicity. Thus, our study was based on 
the hypothesis that methanol-extracted residue 
of bacille Calmette-Guerin would stimulate un- 
derlying tumor immunity, which would result 
in the elimination of melanoma cells that had 
disseminated. 

Clearly, this is a negative study. Therapy 
with methanol-extracted residue of bacille Cal- 
mette-Guerin did not significantly prolong the 
survival times of our patients compared to 
untreated control patients. Indeed, interest in 
this adjuvant as a cancer treatment has subse- 
quently waned with the publication of negative 
results in other cancers.” Our data underscore 
the difficulty of testing adjuvant therapy in a 
disease with a long natural course, such as 
choroidal melanoma. 

This study did reconfirm the significance of 
size and standard deviation of the nucleolar 
area of uveal melanomas as risk factors. Size 
was the most important risk factor and standard 
deviation of the nucleolar area was less signifi- 
cant. The lesser significance of standard devia- 
tion of the nucleolar area in this study probably 
results from the selection of only those patients 
whose uveal melanomas were of mixed, epithe- 
lioid, or necrotic cell types using the modified 
Callender classification. Previous studies have 
indicated that standard deviation of the nucleo- 
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Figure (McLean and associates). Compari- 
son of survival of patients receiving immu- 
notherapy with that of patients receiving no 
treatment. There is no statistical difference 
in survival between the two groups (P = .6). 


lar area and Callender’s cell type are associated 
risk factors.” 

We believe that further investigation of adju- 
vant immunotherapy of choroidal melanoma is 
warranted. However, there needs to be signifi- 
cantly more research on the immunobiology of 
uveal melanomas for the rational design of 
another randomized, controlled clinical trial. 
As illustrated by this study, a randomized clini- 
cal trial of a therapy for uveal melanoma is a 
project requiring many years. During this time, 
therapeutic concepts may change dramatically, 
and the treatment may be outdated before the 
completion of the study. 
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OPHTHALMIC MINIATURE 
Halle’s girl—the one with iron eyes and backbone to match. He had never 
seen her hair in Kentucky. And though her face was eighteen years older 
than when last he saw her, it was softer now. Because of the hair. A face too 
still for comfort; irises the same color as her skin, which, in that still face, 
used to make him think of a mask with mercifully punched-out eyes. 


Toni Morrison, Beloved 


New York, Alfred A. Knopf, 1987, p. 9 


The Value of Nucleolar Organizer Regions in Uveal 


Melanoma 


Dennis M. Marcus, M.D., Jeffrey B. Minkovitz, M.D., Scott D. Wardwell, B.S., and 
Daniel M. Albert, M.D. for the Collaborative Ocular Melanoma Study Group. 


Silver staining of nucleolar organizer re- 
gions is an objective method for evaluating 
the malignancy of a variety of tumors. We 
studied 126 ciliochoroidal melanomas, three 
coincidental nevi that occurred in eyes with 
melanomas, and one magnocellular nevus col- 
lected from the Collaborative Ocular Melano- 
ma Study to determine the effectiveness of the 
silver-stained nucleolar organizer region 
technique in assessing the malignant poten- 
tial of these tumors. Malignant lesions dem- 
onstrated higher mean silver-stained nucleo- 
lar organizer region counts (4.347) than 
benign nevi (1.855) (P = .0001). Among malig- 
nant melanomas, mixed-cell melanomas had 
slightly higher counts than spindle-cell mela- 
nomas (P < .0001), but this difference was not 
important clinically. Results were also com- 
pared to other histopathologic variables, 
which disclosed correlation of silver-stained 
nucleolar organizer regions with mitoses and 
tumor size. Comparison with computerized 
cytomorphometric analyses of prognosis also 
disclosed significant correlation. This tech- 
nique may prove to be a useful adjunct in the 
assessment of malignancy and treatment re- 
sponse of uveal melanomas. 


Tue assessmenr of the grade of malignancy of 
uveal melanocytic neoplasms has relied pri- 
marily on the interpretation of nuclear and 
especially nucleolar features.’* Although nu- 
clear and nucleolar features are important 
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prognostic variables, morphologic features are 
a continuum.’ Nucleolar organizer regions are 
outpouchings of nucleolar DNA that direct ri- 
bosomal RNA transcription. These structures 
are of central importance in the production of 
ribosomal protein. Silver staining methods 
have been modified for the differential staining 
of nucleolar organizer regions.” The size and 
number of nucleolar organizer regions, visual- 
ized as black dots, seem to reflect or predict 
cellular proliferation, malignant potential, or 
both.®® The silver staining technique for the 
differential staining of nucleolar organizer re- 
gions has been used effectively in cutaneous 
melanotic lesions to distinguish benign or dys- 
plastic tumors from malignant neoplasms.?4"" 

Fallowfield, Dodson, and Cook? and Crocker 
and Skilbeck® used silver staining to identify 
nucleolar organizer regions in paraffin-embed- 
ded sections of dermal melanotic lesions. A 
highly significant difference was found be- 
tween the number of silver-stained nucleolar 
organizer regions in benign dermal nevus cells 
and melanocytic dysplasia compared with 
those in malignant melanocytes. Nonmalignant 
melanocytes (nevus or dysplasia) possessed 
one to two silver-stained nucleolar organizer 
regions, whereas malignant melanocytes dem- 
onstrated numerous silver-stained nucleolar 
organizer regions.” Silver-stained nucleolar 
organizer regions are believed to be of consid- 
erable value to pathologists in a variety of other 
tumors.” In non-Hodgkins lymphoma (another 
neoplasm in which nucleolar structure is an 
essential feature of its classification’) silver- 
stained nucleolar organizer regions were used 
to distinguish low-grade from high-grade ma- 
lignancies.” We used the silver-stained nucleo- 
lar organizer region technique in melanocytic 
specimens of the choroid and ciliary body sub- 
mitted by investigators participating in the Col- 
laborative Ocular Melanoma Study”™"” to evalu- 
ate the value of silver-stained nucleolar 
organizer regions as an indicator of malignancy 
and treatment response. 
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Material and Methods 


Specimens were processed in a similar man- 
ner to that of Crocker and Skilbeck,’? Crocker 
and Nar,” and Fallowfield, Dodson, and Cook. 
Sections of 6 wm at three different tumor levels 
from randomly selected paraffin blocks of 126 
of 411 melanomas from the Collaborative 
Ocular Melanoma Study Group were placed 
on Poly-L-Lysine—coated slides. Additionally, 
three coincidental nevi that occurred in eyes 
with melanoma and one magnocellular nevus 
were selected for study. Sections were placed in 
xylene and hydrated through graded alcohols. 
Sections were silver stained according to the 
method of Crocker and Nar,” with several mod- 
ifications and specifications deemed most suc- 
cessful through multiple trials. The silver- 
stained nucleolar organizer region solution 
consisted of a mixture containing one volume of 
2% gelatin in 1% formic acid and two volumes 
of 50% silver nitrate solution. All solutions 
were prepared by using distilled deionized wa- 
ter and were handled in sterile, disposable 
plastic containers to maintain cleanliness and 
to prevent silver precipitation on glassware. 
Silver-stained nucleolar organizer region solu- 
tion was mixed at room temperature and shield- 
ed from light for 30 minutes before applying to 
slides. The silver-stained nucleolar organizer 
region solution was applied to the sections 
under safelight conditions. Staining was termi- 
nated after 30 minutes by rinsing well with 
water, and then dehydrating to absolute alco- 
hol and xylene before coverslipping. 

Sections were examined for silver-stained 
nucleolar organizer regions by using a 100x oil 
immersion lens. Three hundred cells (100 from 
each of three different cell levels) were counted 
to provide a mean silver-stained nucleolar or- 
ganizer region count for each section. Cases 
were considered not suitable for counting if 
pigment obscured the silver-stained nucleolar 
organizer regions or if the tissue uptake of 
staining was not sufficient. We counted actual 
silver-stained nucleolar organizer regions that 
were both dispersed and clustered within sil- 
ver-stained nucleoli, as opposed to counting 
silver-stained nucleoli and dispersed silver- 
stained nucleolar organizer regions, as outlined 
by Howat and associates." Counting was 
performed in a masked fashion with regard to 
the histopathologic cell type. 

Histopathologic data were collected from 
standardized forms completed as outlined by 
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the protocol of the Collaborative Ocular Mela- 
noma Study Group Pathology Committee.” 
This study is thus an official communication of 
the Collaborative Ocular Melanoma Study 
Group. Specifically, the location of the anterior 
margin of the tumor was subdivided into four 
categories: ciliary body, anterior to the equator 
but not involving the ciliary body, at or near the 
equator, and posterior to the equator. In each 
specimen, 200 cells were identified as nevus, 
spindle A, spindle B, intermediate, or epitheli- 
oid. Cells with features of both spindle B and 
epithelioid cells are designated as intermediate 
by the Collaborative Ocular Melanoma Study 
Group Pathology Committee. The tumor was 
then classified by the Armed Forces Institute of 
Pathology Modified Callender Classification’ as 
spindle-cell nevus, spindle-cell malignant mel- 
anoma, mixed-cell melanoma, or epithelioid- 
cell melanoma. Scleral extension included the 
following: none or innermost layers; within 
sclera but does not extend to scleral surface; 
extends to scleral surface; extrascleral exten- 
sion without transection; or extrascleral exten- 
sion with presumed residual tumor in orbit. 
The degree of necrosis and viability of cells 
were both subcategorized into none, < 10%, 
10% to 50%, > 50%, or 100%. The number of 
mitoses per 40 high-powered fields was count- 
ed.” 

In the Collaborative Ocular Melanoma Study 
Group, large tumors receive external beam ra- 
diation before enucleation or enucleation 
alone. We compared silver-stained nucleolar 
organizer region counts of 53 melanomas from 
the large group (23 radiation before enuclea- 
tion, 30 enucleation alone). Statistical analysis 
was performed using Student’s t-test and linear 
regression analysis. A reliability study was per- 
formed to assure us of intraobserver (J.B.M.) 
and interobserver (J.B.M., D.M.M.) reliability 
in silver-stained nucleolar organizer region 
counting. 


Results 


Of the 130 melanocytic lesions studied, 57 
were spindle-cell melanomas (modified Callen- 
der classification), 63 were mixed-cell melano- 
mas, six were epithelioid-cell melanomas, and 
four were nevi (three coincidental nevi that 
occurred in eyes with melanomas and one mag- 
nocellular nevus). One case, interpreted by the 
Collaborative Ocular Melanoma Study Group 
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TABLE 1 
MEAN SILVER-STAINED NUCLEOLAR ORGANIZER 
REGION COUNTS IN MELANOCYTIC CILIOCHOROIDAL 





TUMORS 
NO. NO. 

DIAGNOSIS STUDIED COUNTED (%) MEAN S.D. S.E. 
Nevus 4 4 (100%) 1.9 .154 .077 
Spindle 57 47(82%) 4.1 .717 .105 
Mixed 63 46(73%) 4.6 .466 .069 
Epithelioid 6 6 (100%) 4.3 .695 .284 
All lesions 130 103(79%) 4.2 .804 .079 


All malignant lesions 126 99(79%) 43 .654 .066 





pathologists as a spindle-cell melanoma origi- 
nating in a melanocytoma, was assigned to the 
spindle-cell group. Of the 130 cases, 27 (21%) 
were deemed uncountable because of various 
factors, including heavy pigment obscuring the 
silver-stained nucleolar organizer regions and 
indiscernible silver-stained nucleolar organizer 
regions within weakly staining nucleoli (Table 
1). Multiple regression analysis disclosed that 
there was no apparent correlation between un- 
successful staining and any variable measured; 
these lesions have been omitted from further 
statistical analysis. In 20 lesions, we were able 
to count only 200 cells because of tumor size 
or poor staining; these were included in our 
analysis. 

The three coincidental nevi and the magno- 
cellular nevus generally contained one to two 
brown black silver-stained nucleolar organizer 
regions, whereas malignant melanomas pos- 
sessed many dots that varied in size (Figs. 1 and 
2). Both nevi and melanomas contained cells 
with varying silver-stained nucleolar organizer 
regions, which ranged from two to seven silver- 
stained nucleolar organizer regions per cell 
(melanomas) and one to five silver-stained nu- 
cleolar organizer regions per cell (nevi). In most 
cases, silver-stained nucleolar organizer re- 
gions were clustered within a silver-stained 
nucleolus, but in a number of tumors, the dots 
appeared dispersed throughout the nucleus 
(dispersed silver-stained nucleolar organizer 
regions). In 6-w~m sections, overlapping cells 
were evident, which allowed for a possible 
artifactitious increase in silver-stained nucleo- 
lar organizer region counts. This increase was 
prevented by carefully examining cells with 
multiple nucleoli for intervening cell mem- 
branes. Pearson correlation analyses indicated 
that silver-stained nucleolar organizer regions 


TABLE 2 
RELIABILITY STUDY* 





DIAGNOSIS OBSERVER 1 OBSERVER1 OBSERVER 2 

Spindle-cell melanoma 2.02 2.59 3.85 

originating from 3.02 2.22 

melanocytoma 
Melanoma 4.16 3.60 3.08 
Melanoma 4.44 3.91 4.14 
Melanoma 5.45 4.61 5.69 
Melanocytoma 2.02 1.73 2.24 
Melanoma 4.60 4.29 4.82 
Melanoma 4.76 4.34 4.36 
Melanoma 4.81 3.51 3.72 
Nevus 1.66 1.55 1.78 
Melanoma 3.71 3.85 3.95 


*Intraobserver Pearson rho = 0.901, and interobserver Pear- 
son rho = 0.9260. 


were evaluated reliably (Intraobserver Pearson 
rho = .901 and Interobserver Pearson rho = 
.9260) (P = .000) (Table 2). 

The mean counts and standard deviations for 
each diagnostic tumor group are shown in Table 
1. Nevi demonstrated significantly lower mean 
silver-stained nucleolar organizer region counts 
than their malignant counterparts (P = .0001). 
Mixed-cell melanomas appear to have slightly 
higher counts than spindle-cell melanomas (P 
= .0001), but this appears to be unimportant 
clinically (Table 1). There was no statistically 
significant difference between epithelioid-eell 
melanoma counts and the other malignant cate- 
gories (Table 1). The spindle-cell melanoma 
Originating in a melanocytoma was composed 
of 89% nevus cells, intermixed among the ma- 
lignant melanocytes. The overall mean count 
(2.02) was more typical of a nevus. A second 
spindle-cell melanoma contained 66% nevus 
cells and demonstrated a mean silver-stained 
nucleolar organizer region count of 2.25. 

Regression analysis disclosed a correlation 
between silver-stained nucleolar organizer re- 
gion counts and the percentage of nevus cells (P 
= .0001) and the percentage of intermediate 
cells (P = .0001), but no correlation existed 
with the percentage of spindle A or B cells or 
the percentage of epithelioid cells in each tu- 
mor (Table 3). The computerized analyses of 
Gamel and associates” had been performed 
previously on most Collaborative Ocular Mela- 
noma Study Group specimens. Comparison 
with standard deviation of nucleolar area, larg- 
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est tumor dimension, and estimates of survival 
based on a Cox model derived from Armed 
Forces Institute of Pathology data of Gamel and 
associates” disclosed correlations with each (P 
= .0001, P = .0003, P = .0001, respectively) 
(Table 4). Mitoses per 40 high-power fields and 
clinical estimates of tumor size (classified as 
medium or large tumors”) also correlated with 
silver-stained nucleolar organizer region 
counts (P = .0077 and P = .0099, respectively), 
whereas extrascleral extension, anterior tumor 
margin, degree of necrosis, patient age, and 
external beam radiation in large tumors did not 
(Table 5). 


Discussion 


In 1977, Gass reported that the histopatho- 
logic differentiation between a spindle-cell ne- 
vus and a spindle-cell A melanoma was impos- 
sible to derive by using the Callender 
classification of uveal melanoma. Reappraisal 
of Callender’s spindle A melanomas disclosed 
that of 90 pure spindle tumors, 15 tumors had 
cytologic features of benignity, whereas 75 tu- 
mors displayed a spectrum of malignant fea- 
tures.” In 1983, McLean and associates’ report- 
ed that nuclear and nucleolar features were 
greater prognostic indicators than the cytoplas- 








Fig. 1 (Marcus and associates). 
High-powered view of choroidal 
spindle-cell melanoma shows cells 
containing numerous silver-stain- 
ed nucleolar organizer regions, 
seen as black dots within gray nu- 
cleoli (arrows). Note the varying 
number of silver-stained nucleolar 
organizer regions per cell. This le- 
sion contained a mean silver-stain- 
ed nucleolar organizer region 
count of 4.79 (silver stained, 
x 100). 


mic characteristics emphasized by Callender. 
These studies concluded that the Callender 
spindle A type melanoma represented a spec- 
trum of benign and malignant cells, which 
supported a reclassification of uveal melanocyt- 
ic tumors. The Armed Forces Institute of Pathol- 
ogy modification of the Callender classification 
is made up of four tumor types, including 
spindle-cell nevi; spindle-cell malignant mela- 
nomas; mixed-cell melanomas; and epitheli- 
oid-cell melanomas.’ 

Reclassification has improved the prediction 
of tumor behavior, but because cell morpholog- 
ic characteristics form a continuum, such a 
classification may be subject to variation in 


TABLE 3 
REGRESSION ANALYSIS OF MEAN SILVER-STAINED 
NUCLEOLAR ORGANIZER REGION COUNTS 
COMPARED WITH CELL TYPE PERCENTAGE IN EACH 


LESION 
CELL TYPE B (CORRELATION SLOPE, +95% Cl) 
Nevus cells* —0.027 + .007 (P = .0001) 
Spindle A cells —0.016 + .037 (P = .3954) 
Spindle B cells 0.002 + .006 (P = .5866) 


Intermediate cells* 
Epithelioid cells 


0.020 + .010 (P < .0001) 
0.011 + .012 (P < .0678) 


*Statistically significant. 
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interpretation by pathologists.” Investigators, 
therefore, have studied a number of pathologic 
factors that can be used for prognostic correla- 
tion. Linear discriminant function indicates 
that cell type, largest tumor dimension, scleral 
extension, and mitotic activity, in combination, 
are the four best prognostic indicators of survi- 
val.*! The computerized cytomorphometric sys- 
tems of Gamel and associates” have demon- 
strated that the standard deviation of nucleolar 
area when combined with the measurement of 
largest tumor diameter may provide the best 
objective method for estimating the malignant 
potential of ciliochoroidal melanomas. 
Although our prognostic abilities after enu- 
cleation have improved, some patients with 
melanomas that demonstrate histopathologic 
features denoting a highly favorable prognosis 
nevertheless die of metastasis.” The prognostic 
value of largest tumor dimension and cell type 
decreases with respect to early and late metas- 
tasis." Although histopathologic variables are 
the most important prognostic indicators, other 
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Fig. 2 (Marcus and associates). Top, Coin- 
cidental spindle-cell nevus from an eye with 
a choroidal melanoma. The nevus contains 
cells with one to two silver-stained nucleo- 
lar organizer regions (arrows). A mean sil- 
ver-stained nucleolar organizer region 
count of 1.66 was found (silver stained, 
x 63). Bottom, High-power view of another 
area of nevus demonstrating a small number 
of silver-stained nucleolar organizer regions 
(arrows) per cell (silver stained, x 100). 


methods may be useful in assessing the degree 
of malignancy of some uveal melanocytic neo- 
plasms. This study was designed to compare 
the silver-stained nucleolar organizer region 
method with other histopathologic variables 
known to be associated with malignant poten- 
tial of uveal melanocytic neoplasms. 

We found that mean silver-stained nucleolar 
organizer region scores distinguished uveal 
spindle-cell nevi from spindle-cell, mixed-cell, 


TABLE 4 
REGRESSION ANALYSIS OF MEAN SILVER-STAINED 
NUCLEOLAR ORGANIZER REGION COUNTS 
COMPARED WITH GAMEL AND ASSOCIATES’ DATA?” 


———————————— 
VARIABLE B (CORRELATION SLOPE, +95% CI) 


Standard deviation 0.716 + .266 (P = .0001) 
of nucleolar area 

Largest tumor dimension 0.081 + .042 (P = .0003) 

Five-year estimated survival —0.014 + .006 (P = .0001) 


Ten-year estimated survival —0.013 + .006 (P = .0001) 
$l hie ce a ee 
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TABLE 5 
REGRESSION ANALYSIS OF MEAN SILVER-STAINED 
NUCLEOLAR ORGANIZER REGION COUNTS 
COMPARED WITH HISTOPATHOLOGIC AND CLINICAL 
VARIABLES 





VARIABLE 


Is bec ty ee het amet Cook anaes 
Mitosis 0.075 + .055 (P = .0077) 
Extrascleral extension —0.073 + .162 (P = .2806) 
Anterior tumor margin —0.050 + .11 (P = .3672) 


B (CORRELATION SLOPE, +95% Cl) 


Necrosis 0.002 + .267 (P = .9898) 

Age 0.001 + .009 (P = .9184) 

Clinical classification of 0.511 + .383 (P = .0099) 
tumor size 


Preoperative external 
beam radiation (large 
tumor group only) 


0.028 + .179 (P < .7514) 





and epithelioid-cell melanomas (Tables 1 and 
3). These results parallel the findings found in 
cutaneous melanotic neoplasms, in that there is 
minimal overlap in mean silver-stained nucleo- 
lar organizer region scores between nevi and 
melanomas (Table 1).**’* Although a statisti- 
cally significant difference between mean sil- 
ver-stained nucleolar organizer region scores in 
spindle-cell and mixed-cell melanomas was 
also evident, the applicability is limited be- 
cause of significant overlap of scores for these 
groups (Table 1). A proportion of spindle-cell 
melanomas may have been expected to demon- 
strate a more benign staining pattern, thus 
representing uveal melanocytic dysplasia. One 
specimen, which contained 89% nevus cells 





and was interpreted on routine histologic ex- 
amination as a spindle-cell melanoma originat- 
ing in a melanocytoma, had a silver-stained 
nucleolar organizer region score closer to that 
of the four nevi studied. A second spindle-cell 
melanoma contained 66% nevus cells and also 
demonstrated a low silver-stained nucleolar or- 
ganizer region count. We were unable to deter- 
mine if these two lesions represent uveal mela- 
nocytic dysplasia. 

Uveal melanocytic nevi are considered in 
some cases to be precursors of uveal melano- 
mas. Although it is estimated that the annual 
rate of nevus transformation is approximately 
1/10,000,% Zimmerman’ reported that there are 
insufficient data to determine the risk of uveal 
nevus transformation. Yanoff and Zimmerman” 
demonstrated nevoid cells that appeared be- 
nign at the base in a significant proportion of 
uveal melanomas. Although we did not per- 
form a distinct statistical analysis, these basal 
cells demonstrated silver-stained nucleolar or- 
ganizer region scores typical of melanoma cells 
rather than of nevus cells (Fig. 3). This observa- 
tion suggests that these cells adjacent to the 
sclera are most likely compressed melanoma 
cells. 

In the Collaborative Ocular Melanoma Study 
Group, large melanomas are randomized to 
preoperative external beam radiation or to stan- 
dard enucleation, whereas medium-sized mela- 
nomas are randomized to plaque irradiation or 
enucleation.’® We were unable to evaluate sil- 
ver-stained nucleolar organizer regions in the 
patients with radiated medium tumors, because 
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Fig. 3 (Marcus and associates). 
Base of choroidal melanoma shows 
nevoid-appearing cells with silver- 
stained nucleolar organizer region 
counts typical of melanoma cells. 
These findings indicate that these 
cells may be compressed melanoma 
cells (silver stained, X 63). 
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there were few cases requiring enucleation after 
irradiation. We examined the effect of radiation 
on silver-stained nucleolar organizer regions in 
53 large melanomas randomized to preopera- 
tive external beam irradiation and enucleation 
compared with primary enucleation. We 
found no effect of preoperative radiation with 
respect to silver-stained nucleolar organizer 
region scores (Table 5). The significance of this 
finding may become clear when it is determined 
if one form of therapy offers an increased 
chance of survival.” 

The Collaborative Ocular Melanoma Study 
Group has provided us with a unique opportun- 
ity to evaluate silver-stained nucleolar organiz- 
er regions in specimens from a prospective, 
randomized, controlled study.” The histopath- 
ologic features are documented centrally on 
standard forms with close adherence to defined 
guidelines. We have assessed silver-stained nu- 
cleolar organizer regions as a prognostic indica- 
tor, by comparison to established prognostic 
variables. A correlation was found between 
mean silver-stained nucleolar organizer region 
scores and the following known indicators of 
survival’: largest tumor dimension; tumor 
classification (spindle-cell melanoma counts < 
mixed-cell melanoma counts) (Table 1); per- 
centage of cell type per tumor (percentage of 
nevus cells per tumor decreased counts, per- 
centage of intermediate cells per tumor in- 
creased counts) (Table 3); and mitoses (Table 5). 
Higher mean silver-stained nucleolar organizer 
region scores were not, however, found with 
epithelioid-cell type (percentage of epithelioid 
cells per tumor, epithelioid-cell melanoma) 
(Tables 1 and 3), extrascleral extension, or an- 
terior tumor margin, other known indicators 
of decreased survival (Table 4). Mean silver- 
stained nucleolar organizer region scores also 
correlated with computerized analysis of stan- 
dard deviation of nucleolar area and with the 
prediction of five- and ten-year survival (Table 
4)."" Thus, silver-stained nucleolar organizer 
regions may be of value in predicting prognosis 
for melanomas of the choroid and ciliary body. 

The silver-stained nucleolar organizer region 
technique has not been found to be of prognos- 
tic value in cutaneous melanoma.” Additional- 
ly, controversy exists as to what constitutes a 
silver-stained nucleolar organizer region. 
Although our counting method is time consum- 
ing, nucleolar organizer region staining is nei- 
ther technically demanding (variability does, 
however, exist) or expensive and may be per- 
formed in most laboratories. The prognostic 


value of this method in uveal melanomas will 
be elucidated with the future establishment of 
survival statistics for the cases studied. 


COLLABORATIVE OCULAR MELANOMA STUDY 
PATHOLOGY REVIEW COMMITTEE 
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OPHTHALMIC MINIATURE 

If you're like most people, as you enter your forties you'll start to become 
“farsighted,” which simply means that you won't be able to read any 
document located within your immediate Zip Code. The solution is to wear 
“bifocals,” which are a special kind of eyeglasses that somehow make the 
world look different, but not any clearer. The best angle for looking through 
bifocals is when you lean way back and look through the lens bottoms, thus 
affording the public a spectacular panoramic view of your nasal passag- 
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Orbital Intramuscular Schwannoma 





D. Hal Capps, M.D., Michael C. Brodsky, M.D., Charles D. Rice, M.D., 
Robert E. Mrak, M.D., Charles M. Glasier, M.D., and Harry H. Brown, M.D. 


In an 8-year-old girl with asymptomatic 
proptosis, computed tomographic scans 
showed a large medial orbital mass that 
contoured the globe anteriorly, bowed the 
optic nerve laterally, and extended posterior- 
ly to the orbital apex. T,-weighted coronal 
magnetic resonance images showed the mass 
to be a diffusely enlarged medial rectus mus- 
cle. Histopathologic examination of a medial 
rectus muscle biopsy specimen disclosed a 
multinodular, intramuscular schwannoma, 
separating and infiltrating normal skeletal 
muscle fibers. The intramuscular location and 
multinodular configuration of this tumor, to- 
gether with its occurrence in a child, distin- 
guish it from previous orbital schwannomas. 


Oyrsitat scHWANNOMA is a benign, encapsulat- 
ed, peripheral nerve sheath tumor, which usu- 
ally originates from sensory branches of the 
trigeminal nerve.’ It typically develops in mid- 
dle-aged adults and produces a slowly evolv- 
ing, well-tolerated proptosis with variable ocu- 
lar motility limitation, visual disturbance, and 
pain.’* Since schwannomas are encapsulated 
and do not infiltrate vital orbital structures, 
total surgical removal can be achieved in most 
cases. We studied the clinical, neuroradio- 
logic, and pathologic features of intramuscular 
schwannoma, which produced massive medial 
rectus muscle enlargement in a child with mild 
proptosis and normal ocular motility. 
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Case Report 


An 8-year-old girl was examined for mild 
right-sided proptosis. Review of previous pho- 
tographs of the patient showed palpebral! fis- 
sure asymmetry beginning at 5 years of age. 
The patient denied pain, diplopia, or visual loss 
in the right eye. Visual acuity was 20/20 in each 
eye. She identified correctly all Hardy-Rand- 
Rittler pseudoisochromatic color plates by 
using either eye. There was no afferent pupil- 
lary defect. Ductions were full in all directions. 
She had no strabismus. There was mild promi- 
nence of the right globe (Fig. 1). Results of 
Hertel exophthalmometry showed 5 mm of 
right-sided proptosis. The medial rectus muscle 
insertion was elevated mildly, with slight injec- 
tion of the overlying conjunctival vessels. The 
optic disk and retina were normal. She had no 
systemic signs or family history of neurofibro- 
matosis. 

Orbital computed tomographic scans showed 
a well-defined, mildly enhancing mass occupy- 
ing the medial aspect of the right orbit (Fig. 2). 
The anterior portion of the mass contoured the 
globe and extended to the insertion of the 
medial rectus muscle. Posteriorly, the mass dis- 
placed the optic nerve laterally and tapered 
gradually to the orbital apex (Fig. 3). The right 
orbit was enlarged, with medial bowing of the 
lamina papyracea but without bony destruc- 





Fig. 1 (Capps and associates). Mild prominence of 
the right globe is shown. 
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Fig. 2 (Capps and associates). High-resolution axial 
computed tomographic scan of orbits demonstrating 
a fusiform medial orbital mass extending into the 
orbital apex. Note lateral displacement of the optic 
nerve by the mass. 


tion. T,-weighted coronal magnetic resonance 
images showed absence of a discrete medial 
rectus muscle separate from the mass (Fig. 4). 

The medial rectus muscle was exposed surgi- 
cally through a fornix-based conjunctival flap. 
The muscle and its tendon were enlarged dif- 
fusely with a uniform, yellow-gray discolora- 
tion and a smooth, glistening external surface 
(Fig. 5). A full-thickness biopsy of the medial 
rectus muscle was performed. 





Results 





Histopathologic preparations showed a 
multinodular arrangement of tumor cells, 
which surrounded and separated skeletal mus- 
cle fibers and fibrous tissue (Fig. 6). Each nod- 
ule contained a homogenous population of 
plump, spindle Schwann cells in an Antoni type 
A neurilemoma pattern (Fig. 7). Individual 
spindle cells displayed oval to elongate nuclei, 
a fibrillar eosinophilic cytoplasm, and no dis- 
tinct cell borders. No discrete encapsulation of 
tumor nodules by thin fibrous tissue was found. 
Sections stained with Masson’s trichrome and 
phosphotungstic acid hematoxylin confirmed 
the presence of skeletal muscle fibers and colla- 
gen intervening between individual tumor nod- 
ules. Bodian stain disclosed rare nerve axons at 
the periphery of the biopsy specimen. 

Electron microscopy demonstrated round 
and fusiform tumor cell nuclei with a fine irreg- 
ularity to the nuclear surface, which produced 
the crinkled appearance characteristic of 





Fig. 3(Capps and associates). High-resolution axial 
computed tomographic scan of orbits demonstrating 
a large medial orbital mass that contours the globe 
anteriorly and extends forward to the insertion of the 
medial rectus muscle. Note mild enlargement of the 
right orbit and medial bowing of the lamina papyra- 
cea. 


Schwann cells (Fig. 8). The chromatin pattern 
varied from finely clumped to finely dispersed 
with a thin rim of chromatin seen along the 
nuclear margins. The tumor cell cytoplasm was 
pale and poor in organelles. A few scattered 
mitochondria, polyribosomes, and loose collec- 
tions of intermediate filaments were noted. The 
tumor cells had numerous elongated, redun- 
dant, interdigitating processes (Fig. 8) and were 
surrounded by well-defined basal lamina, 
which were reduplicated in several areas. Fi- 
brous long-spaced collagen (Luse bodies) were 
scattered throughout the tumor (Fig. 8, inset). 





Fig. 4 (Capps and associates). Coronal T,-weighted 
magnetic resonance scan (echo time = 30 msec; 
repetition time = 600 msec) demonstrating medial 
orbital mass that is isointense to brain and hyperin- 
tense to the rectus muscles. Note absence of the 
medial rectus muscle signal adjacent to or within the 
tumor mass. 
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Fig. 5 (Capps and associates). Intraoperative view 
of medial rectus muscle shows diffuse enlargement of 


the muscle and its tendon. The muscle surface is 
smooth and the muscle capsule is intact. 


Discussion 


Schwannomas constitute 1% of orbital tu- 
mors.**® Orbital schwannomas occur almost 
exclusively in middle-aged adults and usually 
cause a slowly evolving proptosis that may be 
accompanied by visual loss, ocular motility 
limitation, and pain.'* We know of one previous 
report of a case of orbital schwannoma in a 
child.” Rootman, Goldberg, and Robertson? 
have noted that computed tomographic scans of 
orbital schwannoma show a solitary intraconal 
or extraconal mass that characteristically does 
not mimic rectus muscle enlargement and does 
not extend into the orbital apex. This generali- 
zation is supported by several large reviews of 





patients with rectus muscle enlargement on 
orbital computed tomographic scans, none of 
whom had orbital schwannoma.*" 

In our patient, orbital schwannoma devel- 
oped within the medial rectus muscle and pro- 
duced a fusiform medial orbital mass that 
bowed the optic nerve laterally and extended 
posteriorly into the orbital apex (Fig. 3). Anteri- 
orly, the tumor contoured the globe and in- 
volved the area of the medial rectus muscle 
tendon (Fig. 2). Since the tumor density was 
identical to rectus muscle density on computed 
tomographic scans, we were unable to deter- 
mine with certainty whether the orbital mass 
was an intraconal tumor or an infiltrated medial 
rectus muscle. On T,-weighted magnetic reso- 
nance imaging, the tumor was isointense to 
brain whereas the rectus muscles were hypoin- 
tense to brain (Fig. 4). The absence of medial 
rectus muscle adjacent to or within the mass on 
T,-weighted magnetic resonance imaging ena- 
bled us to establish neuroradiologically that the 
mass was a diffusely infiltrated medial rectus 
muscle. 

Histologically, schwannomas are benign 
Schwann cell proliferations within peripheral 
nerves, which enlarge in a nodular fashion and 
are encapsulated by stretched perineural cells.” 
Schwannomas show a mixture of two patterns: 
the Antoni type A dense fascicular (cellular) 
pattern, and the Antoni type B (myxomatous) 
loose pattern that contains stellate or oval cells 
suspended in a mucinous background.’ 

In our case, light microscopic examination 
showed a multinodular arrangement of 
Schwann cells, which separated and infiltrated 
individual skeletal muscle fibers. On low- 
power light microscopy, the multinodular ar- 
rangement of neural elements superficially re- 


Fig. 6 (Capps and associates). 
Light microscopic section demon- 
strates the multinodular arrange- 
ment of the tumor outlined by mus- 
cle fibers and fibrous connective 
tissue (hematoxylin and eosin, X 
40). 
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sembled plexiform neurofibroma, which also 
has a multinodular appearance. Closer exami- 
nation disclosed distinct light and ultrastruc- 
tural features of schwannoma. This distinction 
has important clinical implications since 
schwannoma rarely, if ever, undergoes malig- 
nant degeneration and usually occurs in pa- 
tients without neurofibromatosis, whereas 
plexiform neurofibroma undergoes malignant 
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Fig. 8 (Capps and associates). Electron micrograph of resected tumor. Left, The tumor cells have organelle- 

poor cytoplasm. Spaces between perikaryal areas are filled with numerous interdigitating cytoplasmic processes. 

Right, Detail of the area at left. A basal lamina lines each of the cytoplasmic processes and is focally redundant 

(arrowheads). Sparse collagen fibers (asterisk) are present between the interdigitating cell membranes. Inset, 
Fibrous long-spaced collagen (Luse body) in intercellular space. Same magnification as Figure 8, right. 





Fig. 7 (Capps and associates). 
Higher magnification of the tumor 
demonstrates nodules of whorling, 
homogenous Schwann cells sepa- 
rating and surrounding skeletal 
muscle fibers (arrow) (hematoxylin 
and eosin, X 400). 


degeneration in up to 10% of cases and is 
invariably associated with neurofibromatosis.” 
In plexiform neurofibroma, tumor nodules con- 
sist of interlacing bundles of Schwann cells, 
axons, and endoneural fibroblasts, surrounded 
by a cellular perineural sheath.” In our case, 
tumor cells were composed entirely of Schwann 
cells and were not surrounded by a perineural 
sheath. Additionally, neural axons in plexiform 
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neurofibroma may be abundant and are dis- 
persed randomly throughout the tumor nod- 
ules. In schwannoma, neural axons may be 
seen, but they are rare and compressed to the 
periphery of the tumor, as in our case. The 
multinodular appearance of our patient’s tumor 
also differs from the rare multinodular (plexi- 
form) schwannoma that has been reported in 
cutaneous and subcutaneous sites, since plexi- 
form schwannomas are surrounded by a dis- 
tinct fibrous capsule.!” 

Electron microscopic preparations of our 
patient’s tumor showed the typical ultra- 
structural features of schwannoma. These fea- 
tures include elongate, organ-poor cells with 
intertwining cell membranes, continuous ex- 
tracellular basal lamina with redundance, 
pseudomesaxon formation, and intercellular 
long-spaced collagen (Luse bodies).” 

Except for mild proptosis, our patient was 
asymptomatic. She had full adduction and no 
restriction to abduction of the involved eye, 
despite massive medial rectus muscle infiltra- 
tion and expansion by the tumor. Although, in 
most cases, orbital schwannoma can be re- 
moved totally by carefully planned orbitoto- 
my,“ the intramuscular location of our patient's 
tumor makes it inoperable. 
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Immunohistologic Properties of Benign and Malignant 
Mixed Tumor of the Lacrimal Gland 
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Hans E. Grossniklaus, M.D., Mary Faith Abbuhl, M.S., and Ian W. McLean, M.D. 


We studied the immunohistopathologic fea- 
tures of normal lacrimal gland, benign mixed 
tumor, and malignant mixed tumor of the 
lacrimal gland. Primary antisera were to kera- 
tin, muscle-specific actin, vimentin, and glial 
fibrillary acid protein. Keratin stained in oc- 
casional myoepithelial cells in normal gland, 
ductal epithelium in normal gland and the 
tumors, and occasional stromal epithelioid 
cells in the tumors. Muscle-specific actin 
stained in myoepithelium and vascular 
smooth muscle in normal gland and the tu- 
mors, and occasional spindle-shaped and 
clusters of stromal cells in the tumors. Vimen- 
tin staining was nonspecific. Glial fibrillary 
acid protein stained in occasional myoepithe- 
lial cells in normal gland and polyhedral stro- 
mal cells in benign mixed tumor. Our findings 
indicate that ductal epithelium develops into 
the epithelial component, and some cells in 
the stroma and myoepithelium develop into 
some cells in the stroma of benign and malig- 
nant mixed tumor of the lacrimal gland. 


The LacrIMAL GLAND is a serous gland devoid 
of mucinous cells, similar in histologic architec- 
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ture to the parotid gland.’ The most common 
epithelial tumor of the lacrimal gland is benign 
mixed tumor (pleomorphic adenoma), which 
can progress to malignant mixed tumor in some 
instances.2* Ultrastructural evidence has indi- 
cated that the stromal component in these tu- 
mors includes displaced epithelial cells.*® Like 
the lacrimal gland, mixed tumors can occur in 
the salivary glands. Immunohistologic studies 
have been performed previously on normal sal- 
ivary gland, benign mixed tumor, and malig- 
nant mixed tumor of the salivary glands.°” 
These previous studies have helped elucidate 
the origin of ductal and stromal cells in mixed 
tumors of the salivary glands. We investigated 
the immunohistologic characteristics of normal 
lacrimal gland, benign mixed tumor, and malig- 
nant mixed tumor of the lacrimal gland. 





Material and Methods 





Formalin-fixed, paraffin-embedded speci- 
mens were obtained from the Armed Forces 
Institute of Pathology, Washington, D.C. The 
specimens consisted of six benign mixed tu- 
mors (pleomorphic adenoma) and six malig- 
nant mixed tumors of the human lacrimal 
gland. Normal lacrimal gland tissue was found 
in six of the cases (three benign mixed tumors 
and three malignant mixed tumors). Sections of 
7-m thickness were cut and placed on glue- 
coated slides from a representative block for 
each tumor. One slide was stained from each 
case with hematoxylin and eosin, and the re- 
maining slides were immunostained. 

All specimens were stained with three pri- 
mary antisera: antikeratin, antimuscle-specific 
actin, and antivimentin. There was enough tis- 
sue to stain four benign mixed tumors and three 
malignant mixed tumors with an additional 
primary antiserum, antiglial fibrillary acid pro- 
tein. No additional tissue was available to study 
other antibodies. Antikeratin (E.Y. Laborato- 
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ries, San Mateo, California) is a rabbit poly- 
clonal IgG antibody to human callus and was 
used to demonstrate cells containing one or 
more of several molecular weight cytokeratins 
(10,000 to 68,000 d). Antikeratin was used at a 
titer of 1:500. Antimuscle-specific actin is a 
mouse monoclonal IgG antibody (HHF 35 
Clone Designate, Enzo Diagnostics, New York, 
New York) and was used at a titer of 1:10,000. 
Antivimentin is a goat polyclonal antibody 
(Polysciences, Warrington, Pennsylvania) and 
was used at a titer of 1:1,000. Antiglial fibrillary 
acid protein is a rabbit polyclonal antibody and 
was used at a titer of 1:2,000. 

Before antikeratin staining, digestion with 
0.1% pepsin was used for optimal antibody 
penetration. Endogenous peroxidase activity 
was blocked with 2.4% hydrogen peroxide in 
methanol. Nonspecific binding was blocked by 
application of normal serum from the species of 
each particular secondary antibody. The pri- 
mary antibody was then applied. The antikera- 
tin and antiglial fibrillary acid protein sections 
were then incubated with rabbit peroxidase 
antiperoxidase. The antivimentin sections were 
incubated with goat peroxidase antiperoxidase. 
The antimuscle-specific actin sections were in- 
cubated with biotinylated antimouse antibody 
and the avidin-biotin-complex reagent (Vector 
Labs, Burlingame, California) was then ap- 
plied. Slides were developed with fresh 3,3’ 
diaminobenzidine tetrahydrochloride (Polysci- 
ences, Warrington, Pennsylvania). Slides were 
counterstained with hematoxylin. Control 
slides were made by substituting normal rabbit 
serum for antikeratin and antiglial fibrillary 
acid protein and phosphate buffered saline for 
antivimentin and antimuscle-specific actin. The 
stained slides were evaluated by routine light 
microscopy. 


Results 


Normal lacrimal gland was present in Cases 
2, 4,5, 8,9, and 11 (Table). Staining patterns in 
normal glands showed ductal epithelium and 
occasional myoepithelial cells to stain intensely 
for keratin; myoepithelium and vascular 
smooth muscle to stain intensely for muscle- 
specific actin; myoepithelial cells to stain rarely 
for glial fibrillary acid protein; and occasional 
stromal cells to stain weakly for vimentin. The 
staining pattern in benign mixed tumor showed 
ductal epithelium and epithelioid stromal cells 


to stain intensely for keratin (Fig. 1); vascular 
smooth muscle, clusters of stromal cells, and 
occasional spindle-shaped stromal cells to stain 
intensely for muscle-specific actin (Fig. 2); oc- 
casional polyhedral-shaped stromal cells to 
stain for glial fibrillary acid protein (Fig. 3); and 
rare stromal cells to stain weakly for vimentin. 
An apparent clone of myoepithelial cells stain- 
ed for actin in one benign mixed tumor (Case 
5). Differentiation in the malignant tumors in- 
cluded poorly differentiated carcinoma (Cases 
7 and 8), adenocarcinoma (Cases 10 and 11), 
adenoid cystic carcinoma (Case 9), and squa- 
mous cell carcinoma (Case 12). Malignant 
mixed tumor showed a similar staining pattern 
to benign mixed tumor, with intense staining 
for keratin in malignant ductal epithelia! cells 
and epithelioid stromal cells (Fig. 4); and vascu- 
lar smooth muscle, clusters of stromal cells, and 
spindle-shaped stromal cells to stain for mus- 
cle-specific actin (Fig. 4). Similar to benign 
mixed tumor, an apparent clone of myoepitheli- 
um stained for muscle-specific actin in one 
malignant mixed tumor (Case 10). In one malig- 
nant mixed tumor that displayed an area of 
adenoid cystic carcinoma differentiation (Case 
9), displaced myoepithelium stained for mus- 
cle-specific actin. The control slides failed to 
stain any cells specifically and were used to 
evaluate nonspecific background staining. 


Discussion 


Previous studies have shown that approxi- 
mately 50% of lacrimal gland tumors are epi- 
thelial neoplasms.*” A recent report has shown 
that 50% is a high estimate; however, benign 
mixed tumor (pleomorphic adenoma) is the 
most common epithelial tumor of the lacrimal! 
gland.* Histologic studies have shown pleo- 
morphic adenomas to contain an epithelia! 
component and a stromal component. Cords 
of double-layered epithelium are scattered 
throughout these tumors, with the outer epithe- 
lial layer often blending imperceptibly with the 
stroma. Areas of myxoid tissue, cartilage, bone, 
and adipose tissue can be found in the stroma.’ 
Rarely, benign mixed tumor can progress to 
malignant mixed tumor displaying the histolog- 
ic features of adenocarcinoma, poorly differen- 
tiated carcinoma, squamous cell carcinoma, 
sarcoma, or even sebaceous carcinoma.’ Ade- 
noid cystic carcinoma can originate in benign 
mixed tumor,’ and one of our cases contained 
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TABLE 


IMMUNOHISTOCHEMICAL PROPERTIES OF BENIGN AND MALIGNANT MIXED TUMOR OF THE LACRIMAL GLAND 


a 


CASE NO., 
AGE (YRS), 
SEX TUMOR KERATIN 
1, 28, M Benign mixed tumor Ductal epithelium, 
stromal epithelioid 
cells 
2, 39, F Benign mixed tumor Ductal epithelium, 
stromal epithelioid 
cells 
3, 34, M Benign mixed tumor Ductal epithelium, 
stromal epithelioid 
cells 
4, 28, M Benign mixed tumor Ductal epithelium, 
stromal epithelioid 
cells 
5,27, M Benign mixed tumor Ductal epithelium, 
stromal epithelioid 
cells 
6, 16, M Benign mixed tumor Ductal epithelium, 
stromal epithelioid 
cells 
ra = i a Malignant mixed tumor Stromal epithelioid 
cells 
8, 74, M Malignant mixed tumor Stromal epithelioid 
cells 
9, 53, M Malignant mixed tumor Malignant ductal 
epithelium 
10, 65, M Malignant mixed tumor Malignant ductal 
epithelium, stromal 
epithelioid cells 
11, 50, M Malignant mixed tumor Malignant ductal 
epithelium, stromal 
epithelioid cells 
12, 53, M* Malignant mixed tumor Malignant ductal 


epithelium 


ACTIN GLIAL FIBRILLARY ACID PROTEIN 


Vascular smooth muscle, Stromal polyhedral cells 
stromal cluster of 
cells 

Vascular smooth muscle, 
stromal cluster of 
cells 

Vascular smooth muscle, 
stromal cluster of 
cells 

Negative 


Not performed 


Stromal polyhedral cells 


Stromal polyhedral cells 


Vascular smooth muscle, 
stromal cluster of 
cells, stromal spindle 
cells, myoepithelial clone 

Vascular smooth muscle, 
stromal cluster of 
cells, stromal spindle 
cells 

Stromal cluster of cells 


Stromal polyhedral cells 


Not performed 


Not performed 


Vascular smooth muscle, 
stromal cluster of 
cells 

Displaced myoepithelium 


Not performed 


Negative 


Vascular smooth muscle, 
stromal cluster of 
cells, stromal spindle 
cells, myoepithelial clone 
Stromal cluster of cells 


Negative 


Not performed 


Vascular smooth muscle Negative 





*Negative vimentin staining. 


an area of adenoid cystic carcinoma differentia- 
tion (Case 9). 

Electron microscopic studies have shown epi- 
thelial features including tonofilaments and in- 
tracytoplasmic granules in ductal cells and 
some stromal cells in these tumors.’ Immuno- 
histochemical findings in normal salivary 
glands and epithelial tumors of the salivary 
glands (parotid, submandibular, and sublin- 
gual glands) have been reported and serve as a 
comparison with our study. 


Ductal epithelium, some acinic epithelium, 
and myoepithelium have been found to be posi- 
tive for keratin in the normal gland.’ Although 
myoepithelium has been reported to be variably 
positive for keratin, a recent report has identi- 
fied a specific 51-kd cytokeratin that is present 
in myoepithelium.’ The antikeratin used in our 
study was a mixture of antilow and antihigh 
molecular weight cytokeratins from both basic 
and acidic families’’* and was consistently pos- 
itive in ductal epithelium and occasional myo- 
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Fig. 1 (Grossniklaus, Abbuhl, and McLean). Case 2. Benign mixed tumor. Top, Ductal epithelium and 
epithelioid stromal cells (inset) stain for keratin. Ductal epithelial cells that are positive for keratin splay off into 
the stroma (arrowheads) (keratin, X 63, inset X 250). Bottom, There is no staining in the control (X 63). 


epithelial cells. Muscle-specific actin has been 
found in normal myoepithelium’ and was found 
in myoepithelium in our study. Vimentin has 
been shown to be present in myoepithelium but 
nonspecific for myoepithelium.® We also found 
myoepithelium to exhibit nonspecific staining 
for vimentin. Glial fibrillary acid protein has 


been demonstrated in myoepithelium™ and was 
found in occasional myoepithelial cells in one 
area of normal lacrimal gland that we studied. 

Epithelial tumors of the salivary glands have 
been found to stain for keratin in ductal epithe- 
lium, periductal cells,” and stromal mesenchy- 
mal cells. We found similar features, with 
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Fig. 2 (Grossniklaus, Abbuhl, and McLean). Case 2. Benign mixed tumor. Top, Clusters of stromal spindle- 
shaped cells (inset) stain for muscle-specific actin (muscle-specific actin, X 63, inset X 250). Bottom, There is no 


staining in the control (X 63). 


ductal epithelium and individual stromal cells 
(Figs. 1 and 4), that stained for keratin. In some 
areas, ductal epithelial cells positive for keratin 
splayed off into the stroma (Fig 1). Some indi- 
vidual stromal cells in areas of mesenchymal 
differentiation, even cartilaginous areas, stain- 
ed positive for keratin. These keratin-positive 


stromal cells had abundant cytoplasm, ap- 
peared epithelioid in nature, and failed to stain 
for muscle-specific actin. Actin has been found 
in benign mixed tumor of the lacrimal gland 
and was present in vascular smooth muscle and 
clusters of stromal cells in our study. Some of 
these cells were in circumferential arrange- 
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Fig. 3 (Grossniklaus, Abbuhl, and McLean). Case 4. Benign mixed tumor. Top, Polyhedral stromal cells (inset) 
stain for glial fibrillary acid protein. Occasional cells that are positive for glial fibrillary acid protein are present 
in the periphery of epithelial lobules (arrowhead) (glial fibrillary acid protein, X 63, inset X 250). Bottom, There 


is no staining in the control (X 63). 


ments as if surrounding atrophic acinar epithe- 
lium (Fig. 2). We also found scattered stromal 
spindle-shaped cells to be positive for muscle- 
specific actin (Fig. 4). Some of these spindle- 
shaped cells that were positive for muscle- 
specific actin appeared to originate from the 


outer layers of solid lobules of epithelial cells 
(Fig. 4). Other stromal spindle-shaped cells that 
were positive for actin were arranged in lami- 
nar groups (Cases 5 and 10), which suggested a 
clone of cells (myoepithelium). Vimentin has 
been demonstrated in salivary gland pleomor- 
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Fig. 4 (Grossniklaus, Abbuhl, and 
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or. Top, Mali 


cells stain for keratin. The cytoplasm of several of these epithelial cells stains intensely for keratin (arrowheads) 
(keratin, X 63). Middle, Spindle-shaped stromal cells stain for muscle-specific actin. Occasional cells that are 
positive for muscle-specific actin appear to originate from the outer layers of epithelial lobules (arrow) 
(muscle-specific actin, X 80). Bottom, There is no staining in the control (x 63). 


phic adenoma.’ The expression of this interme- 
diate filament is nonspecific and believed to be 
present in less cohesive epithelium and myoepi- 
thelium in the stroma of salivary gland tumors.* 
We also found weak staining in spindle-shaped 
stromal cells for vimentin in all but two cases. 
Glial fibrillary acid protein has been shown in 
stromal cells in pleomorphic adenomas.” We 


found positive results for glial fibrillary acid 
protein in benign mixed tumors in occasional 
cells intermediate in appearance between spin- 
dle-shaped and epithelioid; these cells are de- 
scribed as polyhedral (Fig. 3). One report indi- 
cates that stromal cells that are positive for glial 
fibrillary acid protein are of myoepithelial ori- 
gin.’ Our findings are consistent with that pro- 


Vol. 110, No. 5 


Mixed Tumor of the Lacrimal Gland 547 





TAE 
LESE 
oepithelial 
"Clone" or 
Myoepithelioma- 


Stromal "Cluster” in 
Pleomorphic Adenoma 





Stromal Spindie-Shaped Cell 


in Pleomorphic Adenoma 


© 


Stromal Polyhedral Cell in 
Pleomorphic Adenoma 





<> = Myoepithelial Cell (Actin + Keratin +/-, GFAP +/-) 
= Acinar Epithelium (Keratin +/-) 
[<S] = Ductal Epithelium (Keratin +) 









Adenoid Cystic Carcinoma de novo 


Adenocarcinoma, Squamous Cell Carcinoma, 
Poorly Differentiated Carcinoma etc. 


Fig. 5 (Grossniklaus, Abbuhl, and McLean). Proposed scheme of histogenesis of primary epithelial tumors of 


the lacrimal gland. 


posal, since the only cells positive for glial 
fibrillary acid protein that we found in normal 
lacrimal gland were myoepithelial cells. Also, 
occasional cells positive for glial fibrillary acid 
protein were found in the periphery of solid 
epithelial lobules (Fig. 3), an expected location 
if these cells were of myoepithelial origin and 
the epithelial lobules were of terminal duct 
origin. 

A previous study suggested that some stro- 
mal cells in pleomorphic adenoma of the sali- 
vary glands may be of acinar epithelial origin 
primarily because of positive S-100 protein 
staining.” There has been evidence that acinar 
epithelial cells of the lacrimal gland are of 
neuroectodermal origin,“ although the anti- 
body used to demonstrate this was against 
neuron-specific enolase, a notoriously nonspe- 
cific antibody.” We did not have enough tissue 
to perform additional antibody studies, al- 
though it is not unreasonable to assume that 
acinar epithelium may develop into some stro- 
mal cells in the tumors and perhaps to cells in 


the centers of the cell clusters positive for 
muscle-specific actin in the stroma. 

Our findings consistently showed cells posi- 
tive for keratin in tubular epithelial structures 
in benign and malignant mixed tumor of the 
lacrimal gland. These cells appear to be of 
ductal origin. Stromal cells with epithelioid 
characteristics stained strongly for keratin, 
failed to stain for actin or glial fibrillary acid 
protein, and are also of probable ductal origin. 
Our findings suggesting the ductal origin of 
these stromal cells, even cells present in mesen- 
chymal areas, are consistent with previously 
reported ultrastructural findings.” Some of 
these stromal cells of probable epithelia! origin 
may display mucinous,’ cartilaginous, or other 
mesenchymal characteristics. Myoepithelium 
was positive for actin in normal lacrimal gland 
in our study. Three forms of stromal cells re- 
sembling myoepithelium were positive for mus- 
cle-specific actin: concentric clusters suggestive 
of myoepithelium surrounding atrophic acini, 
scattered individual spindle-shaped cells, and 
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areas suggestive of myoepithelial clones. Solid 
lobules of epithelial cells may originate from 
terminal ducts and be surrounded by occasion- 
al myoepithelial cells; therefore, the occasional 
spindle-shaped cells positive for muscle-specif- 
ic actin (Fig. 4) and glial fibrillary acid protein 
(Fig. 3) found surrounding epithelial lobules 
are consistent with myoepithelial cells. It is also 
possible that the spindle-shaped stromal cells 
that were positive for actin represent myofibro- 
blasts; however, their relationship to the epi- 
thelial lobules (Fig. 4) provides evidence of 
myoepithelial origin. The stromal polyhedral 
cells positive for glial fibrillary acid protein are 
of probable myoepithelial origin, although they 
were found only in benign mixed tumors. This 
correlates with the evasive nature of glial fibril- 
lary acid protein in pleomorphic adenoma of 
the salivary glands.” Therefore, ductal epitheli- 
um apparently develops into the epithelial and 
some cells in the stromal component, and myo- 
epithelium develops into some cells in the stro- 
mal component of mixed tumors of the lacrimal 
gland. 

Our report is consistent with the continuum 
proposed by Dardick, Thomas, and van Nos- 
trand regarding epithelial tumors of salivary 
glands, which now may be applied to the lacri- 
mal gland (Fig. 5). At one end of the spectrum is 
a pure clone of myoepithelial cells (myoepithe- 
lioma) with less than 10% ductal structures 
accompanying the clone. A pure myoepithelio- 
ma of the lacrimal gland is extremely rare 
(unpublished data). At the other end of the 
spectrum is a tumor composed largely of ductal 
epithelial origin, a monomorphic adenoma. 
Monomorphic adenoma, like myoepithelioma, 
occurs rarely in the lacrimal gland.’ Oncocyto- 
ma of the lacrimal gland” is most likely of 
terminal duct epithelial origin” and may repre- 
sent one form of monomorphic adenoma. 
Mixed tumor (pleomorphic adenoma) is in 
the middle of the spectrum and more common 
than tumors on either end. According to our 
findings, ductal and many stromal cells in pleo- 
morphic adenoma display epithelial immuno- 
histochemical characteristics, and stromal cells 
occasionally display myoepithelial immunohis- 
tochemical characteristics. Acinic lining cells 
may atrophy except in rare acinic cell carcino- 
mas. Malignant mixed tumors originate in be- 
nign mixed tumors and continue to display 
similar ductal and myoepithelial characteristics 
as benign mixed tumors. 

The immunohistochemical characteristics of 
benign and malignant mixed tumor of the lacri- 


mal gland provide clues to the histogenesis of 
these tumors. Cells positive for keratin in the 
epithelial component, and cells positive for 
keratin, muscle-specific actin, vimentin, and 
glial fibrillary acid protein in the stromal com- 
ponent of epithelial tumors of the lacrimal 
gland can be seen. Surgical specimens of mixed 
tumors of the lacrimal gland may contain any 
combination of these cells. 
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OPHTHALMIC MINIATURE 

The fact is that one moves through life like someone moving with a 
lantern in a dark woods. A bit of the path ahead is illuminated and a bit of 
the path behind. But the darkness follows hard on one’s footsteps, and 
envelopes our trail as one proceeds. Were one to be able, as one never is, to 
retrace the steps by daylight, one would find that the terrain traversed 
bears, in reality, little relationship to what imagination and memory had 
pictured. We are, toward the end of our lives, such different people, so far 
removed from the childhood figures with whom our identity links us, that 
the bond to those figures, like that of nations to their obscure prehistoric 


origins, is almost irrelevant. 


G. F. Kennan, Memoirs 1925-1950 
New York, Pantheon, 1967, p. 4 





A Clinicopathologic Study of the Eyes in Familial 
Adenomatous Polyposis With Extracolonic Manifestations 


(Gardner’s Syndrome) 





Elias I. Traboulsi, M.D., Sean F. Murphy, M.D., Zenaida C. de la Cruz, B.S., 
Irene H. Maumenee, M.D., and W. Richard Green, M.D. 


The eyes of a 51-year-old woman with fa- 
milial adenomatous polyposis and extracolon- 
ic manifestations (Gardner’s syndrome) were 
obtained postmortem and studied by light 
microscopy and by transmission and scanning 
electron microscopy. We found a generalized 
abnormality in melanogenesis of the retinal 
pigment epithelium and at least three types of 
pigmented lesions. The histologic findings in 
one type of lesion were consistent with con- 
genital hypertrophy of the retinal pigment 
epithelium or benign pigmented nevus of the 
retinal pigment epithelium. The other two 
types of lesion were most consistent with 
hamartomatous malformations of the retinal 
pigment epithelium featuring cellular hyper- 
trophy, hyperplasia, and rarely retinal inva- 
sion and formation of a minute mushroom- 
shaped tumor. These histopathologic findings 
indicate a generalized effect of the familial 
adenomatous polyposis gene on the retinal 
pigment epithelium. This oncogene, which is 
responsible for tumor formation in the gastro- 
intestinal tract, soft tissues, bone, and other 
locations in patients with familial adenoma- 
tous polyposis, also leads to a generalized 
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defect in melanogenesis and focal lesions of 
the retinal pigment epithelium. 


PicmMeNnTtED OCULAR FUNDUS LESIONS are the 
most common extracolonic finding in familial 
adenomatous polyposis with extracolonic man- 
ifestations or Gardner’s syndrome. This autoso- 
mal dominant condition is characterized by the 
presence, starting in adolescence or early adult- 
hood, of more than 100 adenomatous colonic 
polyps that undergo malignant degeneration 
with eventual development of adenocarcinoma 
of the colon in 100% of untreated patients.'” 
Extracolonic findings include benign soft tissue 
and bone tumors, desmoid tumors, and, in 
some patients, other cancers such as brain tu- 
mors, thyroid cancer, and hepatoblastoma. Al- 
though originally described in families with 
Gardner’s syndrome,’ pigmented ocular fundus 
lesions are also found in families with familial 
adenomatous polyposis whose affected mem- 
bers have not shown other extracolonic le- 
sions.’ There seems to be an intrafamilial con- 
sistency in the number of fundus lesions in 
affected individuals, and in some families af- 
fected individuals may not have any lesions. A 
total number of four or more lesions in one or 
both eyes is generally accepted as indicative of 
the ocular trait. A recent study of children at 
risk for Gardner’s syndrome has shown that, 
over a follow-up period of up to four years, only 
those who had fundus lesions developed colon- 
ic polyps.’ About 20% of patients with familial 
adenomatous polyposis, however, do not have 
fundus lesions, and the absence of the ocular 
trait should not be taken as evidence of absence 
of the disease.’ Despite the absence of histo- 
pathologic proof, the pigmented ocular lesions 
of familial adenomatous polyposis have been 
termed congenital hypertrophy of the retinal 
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pigment epithelium by several authors,** be- 
cause of the ophthalmoscopic similarity to iso- 
lated patches of congenital hypertrophy of the 
retinal pigment epithelium found in normal 
individuals. The present report comprises the 
clinicopathologic study of the eyes of a patient 
had been examined previously by us and whose 
clinical details were included in two reports.°’ 


Case Report 


The patient, a 51-year-old woman, died from 
complications of metastatic adenocarcinoma of 
the colon. She was an affected member of a 
large pedigree with familial adenomatous pol- 
yposis with extracolonic manifestations or 
Gardner’s syndrome. The patient had under- 
gone a subtotal colectomy with ileorectostomy 
in 1956. A fibroma of the abdominal wall was 
excised in 1957. Multiple endoscopies and bi- 
opsies of intestinal polyps from the remaining 
segments of colon were performed over subse- 
quent years. Adenomatous polyps with focal 
atypia were noted in 1980. By 1985 the patient 
developed infiltrating moderate to well-differ- 
entiated adenocarcinoma. A low anterior colon 
resection was performed. The tumor was found 
to have extended through the muscularis, and 
there were regional lymph node metastases. 
Results of an ocular examination, performed by 
one of us (E.I.T.) in 1985, disclosed visual 
acuity of 20/20 in each eye and unremarkable 
anterior segments. Indirect ophthalmoscopy 
showed numerous pigmented ocular fundus le- 
sions in both eyes; 12 lesions of various sizes 
were counted in each eye (Fig. 1). 


Material and Methods 


Five hundred serial sections parallel to and 
including the plane of the pupil, optic nerve, 
and macula and special segments including 
pigmented lesions of the right eye were pre- 
pared for light microscopy. Nine pigmented 
lesions of the left eye were prepared for scan- 
ning (five lesions) and transmission (four le- 
sions) electron microscopy. 

Eight grossly normal areas from the posterior 
pole, the midperiphery, equator, and periphery 
from the left eye were prepared for both scan- 
ning and transmission electron microscopy. 





Fig. 1 (Traboulsi and associates). Top, A posterior 
0.3-mm lesion at the level of the retinal pigment 
epithelium is surrounded by a halo of hypopigmenta- 
tion. Middle, two similar 0.6 x 1.2-mm and 0.8 x 
1.2-mm oval lesions are present in the midperiphery. 
Bottom, A minute (0.18-mm) lesion near the equator. 


Portions of the iris and ciliary body of the left 
eye were prepared for electron microscopy. 


Results 


Results of a gross internal examination of the 
right eye showed 44 round-to-oval, dark 
brown, flat lesions, measuring 50.0 to 1,500.0 
um, and located mainly between the equator 
and the ora serrata. The remaining intraocular 
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Fig. 2 (Traboulsi and associates). Top left, A 0.3-mm posterior pole lesion consists of tall darkly pigmented 
retinal pigment epithelial cells (between arrows) surrounded by a halo of shorter hypopigmented retinal 
pigment epithelial cells (arrowheads). There is partial loss of outer and inner photoreceptors and outer nuclear 
layer (asterisk) (hematoxylin and eosin, X 175). Top right, High-power view of associated area of partial atrophy 
of the photoreceptor cell layers (hematoxylin and eosin, X 380). Bottom left, Margin of the lesion with the area of 
hypertrophy of the retinal pigment epithelium (arrow), hypopigmented retinal pigment epithelium (arrowhead), 
and normal retinal pigment epithelium (asterisk) (hematoxylin and eosin, X 480). Bottom right, Area of 
hypertrophic retinal pigment epithelium after bleaching for 60 minutes discloses tall columnar cells with basal 
nuclei and numerous large spherical melanin granules (hematoxylin and eosin, X 960). 


structures were unremarkable. Results of an 
examination of the left eye disclosed 26 pig- 
mented lesions similar to those in the right eye. 
There were several small cysts in the midpe- 
ripheral region of the posterior iris surface 
nasally. The remaining intraocular structures 
were unremarkable. 

Light microscopy of the right eye disclosed an 
unremarkable anterior segment. The vitreous 
was detached to the equator. Seventeen pig- 


mented lesions were present in the sections. 
Twelve of these lesions were similar in appear- 
ance and varied in size from 0.2 to 1.1 mm. 
These lesions were composed of a patch of 
enlarged, tall columnar, densely pigmented ret- 
inal pigment epithelial cells and were sur- 
rounded by a halo of partially depigmented 
retinal pigment epithelial cells (Fig. 2). Individ- 
ual pigment granules were large and spherical 
in shape as opposed to the normal football 
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Fig. 3 (Traboulsi and associates). Two similar pigmented lesions. One (top left and right) was 0.25 mm in 
diameter and located 4 mm posterior to the temporal ora serrata. The second lesion (bottom left and right) 
measured 0.15 mm in diameter and was located 6.5 mm posterior to the temporal ora serrata. Both mound- 
shaped lesions consist of an aggregate of large, densely pigmented cells containing spherical pigment granules 
(asterisks) located between Bruch’s membrane (arrowheads) and the basement membrane (arrows) of the 
overlying hypertrophic retinal pigment epithelium (top left, hematoxylin and eosin, X 560; top right, periodic 
acid-Schiff, x 550; bottom left, periodic acid-Schiff, x 725; bottom right, bleached, hematoxylin and eosin, 


x 950). 


shape of melanin granules in the retinal pig- 
ment epithelium. After bleaching, the spherical 
character of the pigment granules was more 
evident, and the nuclei of retinal pigment epi- 
thelial cells were basal (Fig. 2). There was 
thinning of the outer nuclear layer of the adja- 
cent retina and minor migration of photorecep- 
tor cell nuclei into the inner segment area (Fig. 
2). The choriocapillaris underlying the pig- 
mented lesions was unremarkable. The small- 
est lesion consisted of three enlarged retinal 
pigment epithelial cells that were distended by 
spherical melanin pigment granules. 

Three lesions, measuring 0.15, 0.15, and 0.25 
mm, consisted of a slight mound of large, 


round, densely pigmented cells located be- 
tween Bruch’s membrane and the basement 
membrane of the retinal pigment epithelium 
(Fig. 3). 

A third type of lesion was a 0.5-mm area 
where large darkly pigmented cells arranged in 
a mushroom-shaped fashion occupied the full 
thickness of the retina (Fig. 4). 

Scanning electron microscopy of four pig- 
mented lesions from the right eye disclosed 
slightly elevated areas of hypertrophic retinal 
pigment epithelium (Fig. 5). The lesions con- 
sisted of several large retinal pigment epithelial 
cells, which may be multilayered, and a posteri- 
or linear trail of enlarged cells. Morphometric 
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Fig. 4 (Traboulsi and associates). A 0.5-mm area of 
full-thickness intraretinal involvement by pigment- 
ed cells located 4 mm posterior to the inferonasal ora 
serrata (hematoxylin and eosin, X 480). 


studies disclosed considerable variation in the 
diameter of retinal pigment epithelial cells in 
different zones of the fundus. In the posterior 
pole, three of 50 (6%) cells measured 6.0 to 9.0 
um in diameter, 44 of 50 (88%) measured 10.0 
to 15.0 um, and three of 50 (6%) measured 16.0 
to 19.0 wm. Of the retinal pigment epithelial 
cells in the midperiphery, three of 54 (5.5%) 
had a diameter of 6.0 to 9.0 um, 45 of 54 (84%) 
were 10.0 to 15.0 um, five of 54 (9.2%) were 
16.0 to 19.0 um, and one of 54 (1.8%) was 20.0 
to 23.0 um. The retinal pigment epithelial cells 
in three areas of the posterior aspect of the 
equator varied markedly (Fig. 6): one of 37 
(2.7%) to eight of 68 (12%) measured 6.0 to 9.0 
um; ten of 57 (17.5%) to 49 of 68 (72.5%) were 
10.0 to 12.0 wm; 11 of 68 (16%) to 27 of 57 
(58%) were 13.0 to 15.0 pm; five of 57 (8.7%) to 
11 of 37 (29.7%) were 16.0 to 19.0 um; and two 
of 57 (3.5%) were 20.0 to 26.0 pm. 

There was a greater spread of cell size in the 
far periphery: two of 33 (6%) were 6.0 to 9.0 
um; nine of 33 (27.3%) measured 10.0 to 15.0 
um; five of 33 (15.1%) were 16.0 to 19.0 wm; 
three of 33 (9.1%) were 20.0 to 22.0 um; five of 
33 (15.1%) were 23.0 to 25.0 wm; five of 33 
(15.1%) were 26.0 to 30.0 wm; and four of 33 
(12.1%) were 31.0 to 54.0 wm. 
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Fig. 5 (Traboulsi and associates). Top, Scanning 
electron microscopic appearance of two discrete le- 
sions composed of a cluster of enlarged retinal pig- 
ment epithelium surrounded by normal-appearing 
10.0-~m hexagonal retinal pigment epithelial cells. 
One lesion has a posterior trail of enlarged retinal 
pigment epithelial cells (arrow) (X 100). Middle, The 
first lesion is 140.0 um in diameter, elevated, and 
consists of large 15.0- to 17.0-pm cells that appear 
multilayered. A linear trail (arrow) of large 20.0- to 
50.0-ym retinal pigment epithelial cells extends pos- 
teriorly for about 100.0 um (X250). Bottom, The 
second lesion is 100.0 um in diameter and similar to 
the first except for a posterior trail of only one cell 
(arrow) (x 500). 


Vol. 110, No. 5 


we EEE T 
. vw ae y Se Ory a g 
ai mre y @y A ; 
TA AAA Lat oe) we 
as > 5") i -¢ J te . 
` KON a" we 2 " 


at E 


AT 


ER RR ND, O A Sid me BY te 
BR ods ibe hates 
Cet ee eg Ne 


tis : 
oo vi e 


v 


ws 
Ro gm 


e 
y e 


ma 


Taa A 
a Gas: 
ALPES S 


~% 
pe 


IF 


Š 4 


ex 
` 
7 


te: 
= 


é 
oe. 
a 4 


. 


fares 


Ae 


o 
: 2 


EA a 


Gardner's Syndrome 555 


- 





Fig. 6 (Traboulsi and associates). Scanning electron microscopic appearance of retinal pigment epithelium in 
the grossly normal periphery disclosed most cells to be approximately 16.0 um in diameter. Individual! 
(arrowheads) and small clusters (arrows) of retinal pigment epithelial cells measuring up to 26.5 pm are present 
(top left, X 250; top right and bottom left, x 500; bottom right, x 1,000). 


Three fairly distinct types of pigmented reti- 
nal pigment epithelial lesions were noted by 
transmission electron microscopy: monolay- 
ered (Fig. 7); multilayered (Fig. 8); and mono- 
layer with intra-Bruch’s membrane pigmented 
cells (Fig. 9). The pigmented cells in all three 
types of lesions contained several types of pig- 
ment. Most common were round, homogeneous 
pigment granules that measured 0.5 to 1.0 pm 
and some that measured up to 2.0 pm. Next in 
frequency were lipofuscin granules of similar 
dimensions. Occasional compound melano- 
somes (Fig. 10) were observed. Complex mela- 
nolipofuscin granules were noted in most cells 


and some also contained bilaminar and trilami- 
nar structures (Fig. 11). Similar structures were 
also observed in an occasional druse. 

The retinal pigment epithelium away from 
the pigmented lesions and throughout the fun- 
dus had a height of 9.0 to 14.0 pm and con- 
tained mostly round, homogeneous, electron- 
dense melanin pigment granules that measured 
1.0 to 1.2 wm (Fig. 12). Elliptical-shaped pig- 
ment granules were only rarely encountered 
except in the periphery where they were more 
numerous and had a less electron-dense ap- 
pearance. 

Results of an examination of the iris pigment 
















Fig. 7 (Traboulsi and associates). 
Area of 20.0-pm tall retinal pig- 
ment epithelial cells that are dis- 
tended by many large, 1.0- to 3.0- 
wm, round-to-oval, and irregular 
melanin pigment granules. One 
retinal pigment epithelial cell has 
an apically located nucleus with 
coarse, clumped chromatin (arrow- 
head). The adjacent cell has a large 
5.0-um melanolipofuscin complex 
granule (arrow) (X 3,100). 


Fig. 8 (Traboulsi and associates). The retinal pigment epithelium is thickened up to 27.0 um and has two to 
three strata of retinal pigment epithelial cell nuclei. Each cell seems to have some variable continuity with the 
basement membrane. The cells contain round melanin and lipofuscin pigment granules that measure up to 1.0 
wm and occur singly, in aggregates, and in large melanolipofuscin aggregates. The retinal pigment epithelial 
basement membrane is 113.0 nm thick and slightly redundant (x 4,400). 
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epithelial lesions of the left eye disclosed small 
cysts measuring 0.2 to 0.4 mm located between 
the iris pigment epithelium and the dilator 
muscle. The cysts contained a faint material 
that stained positively with periodic acid-Schiff 
and negatively for mucopolysaccharide. 


Discussion 


We have described the histopathologic fea- 
tures of the retinal pigment epithelium and of a 
large number of pigmented ocular fundus le- 
sions in Gardner's syndrome. As described by 
Parker and associates? in a single lesion in a 
patient with familial adenomatous polyposis, 
some of these lesions were found to be similar 
to isolated patches of congenital hypertrophy 
of the retinal pigment epithelium and congeni- 
tal grouped pigmentation of the retina.” This 
type of pigmented lesion is composed of en- 
larged (hypertrophic) retinal pigment epithelial 
cells that are packed with round, as opposed to 
the normal football-shaped, pigment granules. 
A zone of smaller retinal pigment epithelial 
cells that contain few or no pigment granules 
surrounds some of the lesions and accounts for 
the white halo that may be present. 


Fig. 9 (Traboulsi and associates). 
Area of hypertrophic retinal pig- 
ment epithelium with two pigment- 
ed cells located in the inner collag- 
enous zone of Bruch’s membrane 
between the basement of the reti- 
nal pigment epithelium (arrow- 
head) and middle elastic layer (ar- 
row). The entrapped cells are oval, 
20.0 x 6.6 wm in size, without 
basement membrane, and contain 
numerous round 0.3- to 0.5-pm 
pigment granules and occasional 
melanolipofuscin complexes up to 
1.3 X 1.6 pm. Only the nucleus of 
the second cell is present. The over- 
lying retinal pigment epithelium is 
18.6 pm tall and contains numer- 
ous round 0.5- to 0.8-~m melanin 
and lipofuscin granules and larger 
melanolipofuscin aggregates (X 
2,200). 


The photoreceptor cells overlying some le- 
sions may be atrophic; this accounts for the 
visual field scotomas that can be plotted and 
correspond to such lesions.” A 0.3-mm lesion 
in our patient had partial loss of the overlying 
photoreceptors. Electro-oculographic studies 
in patients with Gardner’s syndrome have been 
normal,’ which negates the presence of a se- 
vere generalized abnormality of retinal pig- 
ment epithelial function. Sampling of several 
areas of grossly normal retinal pigment epithe- 
lium in the present study demonstrated a gen- 
eralized abnormality of the melanin pigment 
granules. Although the height and diameter of 
the cells were within normal limits, they were 
filled with large spherical melanin granules. 
The degree of pigmentation was less than that 
in the pigmented lesions, which allowed the 
latter to be identified easily. We believe that the 
morphologic abnormalities of pigment gran- 
ules in this case represent a generalized effect 
of the familial adenomatous polyposis gene on 
the retinal pigment epithelium. The gene effect 
also leads to the formation of localized tumors, 
possibly through additional genetic events. The 
generalized disturbance of melanogenesis and 
the formation of spherical melanin granules in 
the retinal pigment epithelium of this patient 
with adenomatous polyposis is a unique situa- 


558 AMERICAN JOURNAL OF OPHTHALMOLOGY 


November, 1990 





Fig. 10 (Traboulsi and associates). Left, Fused aggregate of four or more melanosomes in a hypertrophic retinal 
pigment epithelial cell (x 18,000). Right, Fused aggregate of eight or more melanosomes forms a giant 
compound melanosome or mulberry macromelanosome (X 24,000). 


tion and needs further investigation. We exam- 
ined uveal melanocytes from this case by trans- 
mission electron microscopy for the presence of 
abnormal melanosomes but failed to demon- 
strate any. This suggests a specific disturbance 
of melanogenesis in the retinal pigment epithe- 
lium. 

Except for the case reported by Wirz, Lee, and 
Coaker,” patches of congenital hypertrophy of 
the retinal pigment epithelium have been 
shown to be composed of a single layer of 
hypertrophic cells, which may have a higher 
cell density than surrounding normal retinal 
pigment epithelium, as reported by Lloyd, Ea- 
gle, and Shields” by using morphometric meth- 
ods. Some lesions in the present case were 
composed of multiple layers of hypertrophic 
retinal pigment epithelial cells of different mor- 
phologic appearance on transmission electron 
microscopy. Some cells had clear cytoplasm 
and basal nuclei with a loose chromatin pat- 
tern, whereas others had apical nuclei with a 
dense, clumped chromatin pattern. Additional- 
ly, some flattened cells containing melanin 
granules were present in the inner collagenous 
zone of Bruch’s membrane. These different cel- 
lular configurations may represent retinal pig- 


ment epithelial cells at different stages of activi- 
ty and differentiation. 

Several aggregates of apparently fused mela- 
nin granules were noted in the hypertrophic 
cells in the present case. Such formations have 
been observed in normal retinal pigment epi- 
thelium and in the case reported by Wirz, Lee, 
and Coaker."* Such structures have been termed 
giant compound melanosomes or mulberry 
macromelanosomes. We have observed some of 
these macromelanosomes to be composed of up 
to ten melanosomes. The presence of mulberry 
macromelanosomes and other abnormal cellu- 
lar inclusions in the present case further sup- 
ports a disturbance of melanogenesis in the 
retinal pigment epithelium. 

This study demonstrates that hypertrophy of 
the retinal pigment epithelium represents only 
one facet of the pathologic characteristics of the 
ocular lesions in familial adenomatous polypo- 
sis. Retinal pigment epithelial hyperplasia was 
a prominent feature of several lesions. One 
lesion was formed of hypertrophic retinal pig- 
ment epithelial cells that traversed the full 
thickness of the retina and ended in a mush- 
room-shaped configuration. This lesion is most 
compatible with a hamartoma of the retinal 
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Fig. 11 (Traboulsi and associates). Left, A large melanolipofuscin aggregate (arrowhead) contains a cluster of 
bilaminar and trilaminar filamentous inclusions (arrow) (X 23,000). Right, High-power view of different large 
melanolipofuscin granule with numerous bilaminar and trilaminar inclusions (arrows). The bilaminar structures 
have a 2.5-nm lucent zone flanked by a 2.5-nm osmophilic line on either side. The trilaminar has a 1.6-nm 
middle line with first a 1.6-nm lucent zone and then a 3.3-nm osmophilic line on either side (X 60,000) 
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pigment epithelium according to Gass,” who follows: hamartomas (also referred to as con- 
classified focal congenital anomalies of the reti- genital pigment epithelial adenomas or pri- 
nal pigment epithelium into four categories as mary pigment epithelial hyperplasia); com- 


Fig. 12 (Traboulsi and associates). 
Retinal pigment epithelium from 
grossly normal area is of normal 





a te me yg Oe Ne ap isc? size and contains numerous ho 
gh ap TET Ee : =, Mogeneous, spherical, 1.0- to 1.2 
a ee Ad E ym melanin pigment granules 
. mri i i ~~ d ; i EOP a s mpana -ead . . £ ‘ : z in 
EEL Sat CAE T E OG PE pee ttn ae pita PR gs Si Rare elliptical-shaped melanin 
an er se A -4 6 granules (arrows) are present (> 
prte ee P an n 2,800). 
a . 
d s. ~ 5 
ce f . r, 
Nes nel k 2 
| Toa 5 on , 





560 AMERICAN JOURNAL OF OPHTHALMOLOGY 


November, 1990 





bined retinal pigment epithelial and retinal 
hamartomas; melanotic nevi of the retinal pig- 
ment epithelium (same as congenital hypertro- 
phy of the retinal pigment epithelium); and 
albinotic and amelanotic nevi of the retinal 
pigment epithelium. We believe that all the 
pigmented ocular lesions in familial adenoma- 
tous polyposis, even those that are one cell 
layer in thickness, represent hamartomas of the 
retinal pigment epithelium. 

The ocular lesions in familial adenomatous 
polyposis probably develop because of the ef- 
fect of the abnormal gene responsible for the 
formation of other benign and malignant tu- 
mors.” Because of their benign nature, these 
retinal pigment epithelial malformations have 
not invaded adjacent tissues and have re- 
mained limited to a few cell layers in thickness, 
which gives an impression of flatness on clini- 
cal examination. The cells in these tumors have 
abnormal metabolic functions and produce 
large and abnormal melanin granules that dis- 
tend the cells, sometimes to the extent of cyto- 
plasmic membrane rupture, loss of pigment, 
and cell death with resultant white lacunar 
formation. Overlying photoreceptors probably 
degenerate because of deficient catabolic reti- 
nal pigment epithelial functions. 

We do not know whether all these processes 
occur before birth or early in life, or whether 
such lesions continue to grow and change 
throughout life. Although congenital hypertro- 
phy of the retinal pigment epithelium is gener- 
ally believed to be a stable nonprogressive 
lesion, rare cases with photographically docu- 
mented enlargement have been reported.” 
Familial adenomatosis polyposis with extraco- 
lonic manifestations is probably best classified 
as a phakomatosis because it is dominantly 
inherited, has abnormalities and tumors in- 
volving tissues derived from all three embryo- 
nal layers, and has a strong predisposition for 
the development of cancer. 
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OPHTHALMIC MINIATURE 
... She had high cheekbones, a delicate brow, and her father’s piercing 
gaze. Her right eye was green, her left eye blue. I'd seen a white cat like that 
once and it had had the same disconcerting effect. 


Sue Grafton, “D” is For Deadbeat 
New York, Bantam, 1988, p. 34 
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EDITORIAL 


Notes From the Dugout 


George B. Bartley 


As a fledgling academician and a frustrated 
athlete, I have been struck by the similarity 
between the crafts of publishing and baseball. 
Most people who write papers are happy to hit 
singles—good, solid contributions to the team 
effort (medicine, science) that rarely bring the 
crowds to their feet but, when added together, 
help to win games (improve patient care, in- 
crease knowledge). A crisp single to right field 
is a concise original article accepted with mini- 
mal revision by a respected, peer-review jour- 
nal. It looks good, it feels good, and it takes a 
lot more work to accomplish than most people 
realize. The thoughtful writer runs to first base 
purposefully without either loping or excessive 
fanfare and makes only a small turn toward 
second, implying that future related studies 
might turn up something useful or of interest. 
Hubristic authors, in contrast, may think their 
work has greater significance than do others 
and often take exaggerated strides when round- 
ing first; their posturing may result in being 
gunned down by a powerful arm—a critical 
letter to the editor from a respected veteran or, 
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even worse, a talented rookie. Some batters, 
unfortunately, miss the coach’s sign to hold up 
at first and try foolishly to stretch a single into a 
two-bagger by publishing the same article in 
two journals without proper permission. The 
result is usually predictable—a painful, head- 
first slide, an easy call by the umpire, a quick 
jog with head held low back to the dugout 
amidst derisory remarks from both teammates 
and opponents, and a mouthful of dust. 

There are other ways to get to first base. A 
walk is usually earned. The batter must exam- 
ine the pitches carefully and patiently and may 
have to fight off a few foul balls, similar to the 
process of revising and resubmitting a manu- 
script to a second journal after being rejected 
by the author's first choice. An intentional walk 
in the midst of a hitting streak, on the other 
hand, may be likened to an invited editorial— 
solo authorship, deference from the review 
board, an easy base. A case report or letter to 
the editor is similar to beating out a bunt or an 
infield hit; with proper positioning and good 
legwork the batters reach base and eventually 
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may even score if helped along by their team- 
mates. It counts in the box score but never 
satisfies as much as the sharp, authoritative 
crack of a line drive past the shortstop’s glove. 
Publishing a paper in a nonrefereed journal 
compares to reaching first on an error, such as a 
passed ball on a called third strike. The runners 
rarely make a turn toward second base, but 
usually stand somewhat sheepishly with both 
feet directly on the bag, making light, apologet- 
ic conversation with their opponent at first 
base. They know they shouldn't be there, but 
there they are. They might even score, but the 
“hit” won't count in the statistics. Finally, 
writing a chapter in someone else’s book is like 
being hit by a pitch; the main reason the batter 
is on first is that he or she couldn’t get out of the 
way fast enough. Chalk it up to “taking one for 
the team.” 

What about extra base hits? Here my analogy 
becomes more stringent than the game itself. 
Good academicians will hit several doubles 
during their careers: worthwhile, insightful 
contributions to the field. An example would be 
the publication of the largest series of patients 
with a particular disorder; it may not be flashy, 
but knowledge is gained. A few investigators 
are fortunate (or persistent) enough to come up 
with a triple; for instance, an original surgical 
procedure or treatment modality that actually 
works. Some balls, such as the artificial heart, 
explode off the bat with tremendous power and 
promise—refreshments fall from laps as the 
crowd rises to its feet; the camera zeroes in to 
capture the batter’s every reaction. “This could 


be it!” the announcer cries, but the wind carries 
the ball into the stands, out of play. 

Home runs are rare. Discovering a new syn- 
drome is like hitting a solo homer, and knock- 
ing one out of the yard with a teammate on base 
is analogous to a major breakthrough, such as 
the elucidation of penicillin or the synthesis of 
insulin. Three-run shots are the products of 
rare, superior minds such as Einstein, whose 
work laid the foundation for many subsequent 
inventions, including medical lasers. I have 
reserved a grand slam for the scientist who 
discovers or engineers a benign microorganism 
that can ingest toxic waste, produce oxygen, 
and subsequently serve as an inexpensive pro- 
tein source. Dream on! 

As with those who play baseball, it is to be 
hoped that the majority of those who write do 
so for its intrinsic enjoyment and the rewards of 
helping patients. Certainly, a few individuals 
profit financially from academia, and those who 
are in the game to become famous deserve pity. 
The rare residents are those familiar with the 
heroes of their teachers. Most medical truisms 
seem always to have been there and are usually 
nameless, just as games of a generation ago 
fade into baseball lore. Nevertheless, the grass 
remains green, the field is level, the chalk lines 
are true, and it is a privilege to step into the 
batter’s box. 


From the Department of Ophthalmology, Mayo Clinic 


and Mayo Foundation, Rochester, Minnesota. 

Reprint requests to George B. Bartley, M.D., Depart- 
ment of Ophthalmology, Mayo Clinic, Rochester, MN 
55905. 


LETTERS TO THE JOURNAL 


Visual Improvement After Long-term 
Success of Pancreatic 
Transplantation 


Thomas R, Friberg, M.D., 
Andreas G. Tzakis, M.D., 
Patricia B. Carroll, M.D., 
and Thomas E. Starzl, M.D. 


Department of Ophthalmology, University of Pitts- 
burgh School of Medicine. 


Inquiries to Thomas R. Friberg, M.D., Department of 
Ophthalmology, University of Pittsburgh School of 
Medicine, Eye and Ear Institute, 203 Lothrop St., Pitts- 
burgh, PA 15213. 

Several investigators have reported that pan- 
creatic transplantation does not appear to have 
a favorable effect on diabetic retinopathy." Ina 
series of 22 patients who were followed up an 
average of 24 months, Ramsey and associates’ 
reported that the functional success of the 
transplantation did not prevent progression of 
diabetic retinopathy and that visual loss secon- 
dary to diabetic maculopathy occurred in some 
patients. 

Fourteen patients received cadaveric pancre- 
atic transplants at our institution between 
March 1983 and November 1985 after or in 
conjunction with renal transplantation. Pa- 
tients were immunosuppressed with oral cyclo- 
sporine and prednisone to which antilym- 
phocytic globulin, the monoclonal antibody 
OKT3, and azathioprine were added as needed. 
Patients were examined at least every six 


months with visual acuity measurements, oph- 
thalmoscopy, and fundus photography. Photo- 
graphs were evaluated and graded by using 
conventional criteria.’ 

Eight patients had functional pancreatic 
grafts and maintained euglycemia (mean total 
hemoglobin A,, 5.0 to 7.4 g/dl) for more than 
six months without diabetic medications. Of 
this group of 16 eyes, no eyes showed improve- 
ment in diabetic retinopathy scores during the 
period of graft survival, five worsened, and 11 
remained stable. | 

Four patients maintained functioning pancre- 
atic grafts for more than 48 months. These 
patients were 31, 33, 38, and 45 years of age, 
respectively (Cases 1 through 4). All patients 
had had combined kidney and pancreatic trans- 
plants except the patient in Case 2, who hada 
kidney transplant performed before pancreatic 
transplantation. All four patients had been 
treated previously with panretinal laser photo- 
coagulation in each eye. In Case 1, the patient 
also had had a vitrectomy in the right eye and 
macular grid treatment in the left eye. 

At study entry, one patient (Case 1) had 
visual acuity of R.E.: light perception and L.E.: 
20/50. Macular edema was noted in the left eye 
as determined by clinical examination and as 
seen on stereoscopic fundus photographs. Four 
years later, the macular edema had resolved 
and visual acuity in the left eye improved to 
20/25. 

The patient in Case 2 had visual acuity of 
20/60 in both eyes with bilateral macular ede- 
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ma at entry. Over the four-year period, a vitrec- 
tomy was required in each eye and additional 
panretinal photocoagulation was needed in the 
right eye. The macular edema resolved and 
visual acuity improved to 20/40 in each eye at 
48 months. 

In Case 3, the patient had visual acuity of 
R.E.: no light perception and L.E.: 20/20 before 
pancreatic and kidney transplantation. Visual 
acuity remained unchanged throughout the fol- 
low-up period and the previously treated pro- 
liferative diabetic retinopathy remained stable. 

The patient in Case 4 had visual acuity of 
R.E.: 20/40 and L.E. 20/100 with diabetic mac- 
ular edema in both eyes before transplantation. 
Additional panretinal photocoagulation was 
added during the course of follow-up. Visual 
acuity improved to R.E.: 20/30 and L.E.: 20/60 
at 48 months, and the macular edema in each 
eye resolved. 

Although no patient had a significant lens 
opacity before pancreatic transplantation, the 
left eye of one patient (Case 1) and both eyes of 
another patient (Case 2) developed posterior 
subcapsular cataracts associated with long- 
term prednisone treatment. Uneventful cataract 
removal and intraocular lens implantation were 
performed during the course of follow-up. 

The findings in these patients confirm the 
previous finding that pancreatic transplanta- 
tion in patients with preexisting proliferative 
diabetic retinopathy does not prevent progres- 
sion of the retinopathy despite euglycemia. Our 
cases, however, suggest that long-term excel- 
lent visual function can be attained if the prolif- 
erative disease is treated appropriately. Four of 
six seeing eyes ultimately improved two lines of 
visual acuity or better, whereas the remaining 
seeing eyes maintained stable vision. Improve- 
ment of vision was not inconsequential, as it 
allowed two patients to drive their automobiles 
and return to work. 

It is difficult to ascertain precisely how the 
functioning pancreatic grafts in these patients 
affected visual outcome. We find it noteworthy, 
however, that the macular edema noted initial- 
ly in these patients eventually subsided with- 
out subsequent macular grid therapy. Although 
this improvement could be partially attributed 
to kidney transplantation and restoration of 
renal function, neither vision nor the maculo- 
pathy improved during the first 18 months after 
transplantation. These patients also had addi- 
tional panretinal photocoagulation, but this 
type of laser treatment generally exacerbates 
diabetic maculopathy rather than improves it. 
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Duane’s Retraction Syndrome in the 
Fetal Alcohol Syndrome 


Andrew E. Holzman, M.D., 

Georgia A. Chrousos, M.D., 

Chahira Kozma, M.D., 

and Elias I. Traboulsi, M.D. 

Department of Ophthalmology, George Washington 
University Medical Center (A.E.H.); and Depart- 
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rics (C.K.), Georgetown University Medical Center. 


Inquiries to Elias I. Traboulsi, M.D., Wilmer Ophtaal- 
mological Institute, 600 N. Wolfe St., Baltimore, MD 
21205. 

The fetal alcohol syndrome is characterized 
by prenatal and postnatal growth retardation, 
mild to severe mental retardation, central nerv- 
ous system, cardiovascular, and skeletal anem- 
alies, and characteristic facial features includ- 
ing a narrow forehead, short and upturned 
nose, a long upper lip with indistinct or absent 
philtrum, and low nasal bridge.’ A number of 
ocular malformations have been reported in the 
fetal alcohol syndrome including bilateral mild 
to moderate blepharoptosis (which usually be- 
comes more noticeable in adolescence), hori- 
zontally shortened palpebral fissures, epican- 
thus, strabismus, retinal vessel tortuosity, optic 
nerve hypoplasia, myopia, cataract, Peters’ 
anomaly, and microphthalmia.* We treated a 
patient with bilateral Duane’s retraction syn- 
drome type III (limited abduction and adduc- 
tion of involved eye’) and the fetal alcohol 
syndrome. 

An 11-year-old girl with fetal alcohol syn- 
drome had characteristic facial features, growth 
retardation, and central nervous system dys- 
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Figure (Holzman and associates). Top, Patient with 
fetal alcohol syndrome; note depressed nasal bridge 
and mild bilateral blepharoptosis. Middle, Right 
gaze with limited abduction and adduction in the left 
eye; note narrowing of the left palpebral fissure and 
upshoot of the left eye in adduction. Bottom, Left 
gaze with limited adduction in the right eye and 
abduction in the left eye. 


function. Her mother admitted ingestion of 
moderate amounts of alcohol throughout her 
pregnancy. Visual acuity was R.E.: 20/30 and 
L.E.: 20/20. There was bilateral blepharopto- 
sis. Palpebral fissures measured 7.0 mm and 9.0 
mm on the right and left sides, respectively. 
There was restricted adduction and abduction 
of both eyes. Additionally, she had bilateral 
narrowing of the palpebral fissure with globe 
retraction on adduction bilaterally, and ipsilat- 
eral widening of the palpebral fissures with 
abduction (Figure). There was downshoot of 
the right eye on adduction and upshoot of the 
left eye on adduction, but no inferior oblique 
muscle overaction. Vertical ductions were unaf- 
fected. Results of examinations of the anterior 
segment and retina were normal in both eyes. 
The ocular findings were consistent with a diag- 
nosis of bilateral Duane’s retraction syndrome 
type III. 

Duane’s syndrome probably results from a 
dysgenetic event in the middle of the first tri- 
mester of gestation and has been associated 
with a number of congenital anomalies, which 
involve structures developing during the same 
gestational period. Bilateral Duane’s retraction 
syndrome type III may be caused in part by 
bilateral hypoplasia of the sixth nerve nucleus, 
as evidenced by the clinicopathologic case re- 





port by Hotchkiss and associates.’ The neuro- 
teratogenic effects of alcohol have been well 
documented.’ Strabismus is the most common 
ocular complication of the fetal alcohol syn- 
drome. We believe that the bilateral motility 
disorder in our patient has resulted (at least in 
part) from alcohol-related damage to the devel- 
oping sixth nerve nuclei in the middle of the 
first trimester of gestation. Other teratogens, 
such as thalidomide, have also been implicated 
in bilateral sixth nerve palsies resulting from 
possible nuclear hypoplasia.’ More observa- 
tions are needed to assess the prevalence of 
Duane’s syndrome in the fetal alcohol syn- 
drome. 
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Delayed Drug-Induced Periorbital 
Angioedema 


Russell S. Gonnering, M.D., 
and S. Roger Hirsch, M.D. 
Department of Ophthalmology (R.S.G.) and Division 


of Allergy and Immunology (S.R.H.), University of 
Wisconsin and St. Luke’s Medical Center. 
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Angioedema consists of well-demarcated er- 
ythema and nonpitting edema of the subcuta- 
neous tissues, with a predilection for the head 
and neck. It has been estimated to affect 15% of 
the population at least once in their lives.’ The 
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mechanism is activation of the kallikrein-kinin 
system, and this may be of atopic or nonatopic 
origin.” 

On July 21, 1989, a 34-year-old man had left 
periorbital pain and swelling, photophobia, 
epiphora, and intermittent horizontal diplopia, 
which had worsened over the preceding few 
days. Medical history was notable for hyperten- 
sion and migraine headaches, which were suc- 
cessfully treated with enalapril maleate, 2.5 
mg/day, and long-acting propranolol hydro- 
chloride, 160 mg/day, respectively. He also 
had chronic allergic rhinitis. 

Physical examination showed 20/20 visual 
acuity in the right eye, and pinhole visual 
acuity of 20/40 in the left eye. Swelling, erythe- 
ma, pain, and tenderness were noted in the left 
upper eyelid. Mild conjunctival injection was 
noted, as well as mild restriction of abduction 
in the left eye. Ocular tension, results of oph- 
thalmoscopic and lacrimal examinations, temp- 
erature, and white blood cell count were nor- 
mal, as were sinus x-rays. A computed 
tomographic scan showed soft-tissue swelling 
anterior to the orbital septum, but no other 
abnormalities. The patient was started on a 
regimen of prednisone, 80 mg/day, with the 
presumptive diagnosis of atypical inflammato- 
ry pseudotumor. 

During the next week, the symptoms subsid- 
ed slowly. Results of systemic and laboratory 
examination were unremarkable. One recru- 
descence responded to local injection with be- 
tamethasone sodium phosphate /acetate. 

On Sept. 6, 1989, the patient returned with 
massive right orbital edema, pain, and indura- 
tion, which developed over a period of a few 
hours (Figure), accompanied by an eczematous 
rash on the arms and chest. The diagnosis of 
angioedema, probably drug-related, was made 
and medications were discontinued. The pa- 
tient was unresponsive to a total dose of 1.4 ml 
of 1:1000 epinephrine given over three hours, 
with no increase of blood pressure or pulse rate, 
which indicated significant beta-adrenergic 
blockade from the propranolol. Methylprednis- 
olone therapy was started, and chest tightness 
was relieved with albuterol inhalation. Itching 
was controlled with hydroxyzine and topical 
hydrocortisone. Results of laboratory evalua- 
tion showed total serum IgE level at 152 U/ml 
(normal, < 100 U/ml). Other variables, includ- 
ing Cl esterase inhibitor, were normal. In the 
11 months since stopping medications, the pa- 
tient has had no further difficulties, and results 
of ophthalmic examination have been normal. 





angioedema. 


Angioedema associated with angiotensin- 
converting enzyme inhibitors, especially ena- 
lapril, is well known, but most cases occur 
within one to three weeks after initiation of 
therapy.** Although no predisposing factor for 
such reaction is known with certainty, Chin 
and Buchan’ described a patient who developed 
angioedema three years after the start of ena- 
lapril maleate and had a previous nonanaphy- 
lactic reaction to penicillin, as did our patient. 
Severe nonselective beta-blockade associated 
with an atopic condition may well have intensi- 
fied our patient’s reaction to enalapril. 

Because of the prevalent use of angiotensin- 
converting enzyme inhibitors in the treatment 
of hypertension, ophthalmologists should be 
aware of this potential complication, because 
drug-related angioedema may occur as an ap- 
parently primary ophthalmic disorder. 
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Dystrophy and Coats’ Disease 
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A 12-year-old boy was referred in March 
1966 with bilateral Coats’ disease. At four years 
of age bilateral hearing loss was diagnosed. 
During the three to four years before this exam- 
ination, the patient was noted to have a lack of 
facial expression and weakness in the abdomi- 
nal and pectoralis muscles, demonstrated by 
his inability to do push-ups and sit-ups. Visual 
acuity was R.E.: 20/25 and L.E.: 20/80. Slit- 
lamp examination disclosed mild flare in the 
anterior chamber in the right eye and mild to 
moderate flare in the left eye. Schidtz tonome- 
try showed intraocular pressure of 14 mm Hg in 
each eye. Ophthalmoscopy of the right eye 
demonstrated an area of telangiectasis at the 9 
o'clock meridian anterior to the equator with 
accompanying retinal edema and exudate. 
Ophthalmoscopy of the left eye showed vascu- 
lar changes at the 3 o'clock, 4 o'clock, 5 o'clock, 
and 8 o’clock meridians. These were all anterior 
to the equator and were associated with exuda- 
tion and edema reaching the macula. Between 
March 1966 and June 1967 the patient received 
three photocoagulation treatments to the vas- 
cular anomalies in the left eye and two to the 
right eye with the xenon arc laser. By October 
1967 the exudation had markedly diminished, 
and visual acuity was R.E.: 20/25 and L.E.: 
20/50. With continued follow-up, the patient’s 
muscular weakness became progressive with 
proximal limb weakness and lordosis. In 1972, 
facioscapulohumeral muscular dystrophy was 
diagnosed. In 1976 and 1980, recurrent areas of 
telangiectasis required further photocoagula- 
tion. The patient developed increased vitreo- 
retinal traction with inferior retinal detach- 
ment in the left eye, which necessitated a pars 
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Fig. 1 (Desai and Sabates). Note flattened effect 
caused by the facial weakness. 


plana vitrectomy and a scleral buckle in 1979. 
Since 1980, the patient was followed up on a 
yearly basis, and no recurrences of retinal 
changes were noted. As of January 1990, visual 
acuity remained R.E.: 20/25 and L.E.: 20/50. 
Facioscapulohumeral muscular dystrophy is 
usually an autosomal dominant, but rarely re- 
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Fig. 2 (Desai and Sabates). The patient has difficul- 

ty raising his arms because of proximal weakness. 
Attempts to raise the arms accentuate the scapular 
winging. 
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cessive, entity that begins in late childhood or 
early adolescence.'* Early manifestations of fa- 
cial weakness may include blepharoptosis and 
lack of facial expression?’ (Fig. 1). With more 
severe involvement, the shoulder and hip gir- 
dles are affected, which leads to lordosis and 
scapular winging with difficulty raising the 
arms above the head*’ (Fig. 2). Worsening prox- 
imal muscle weakness may lead to death be- 
cause of progressive respiratory failure.’ 

The association between facioscapulohumer- 
al muscular dystrophy and Coats’ disease was 
first made by Small‘ in 1968. Fitzsimons, Gur- 
win, and Bird’ showed fluorescein angiographic 
evidence of retinal vascular abnormalities in 48 
of 64 patients with facioscapulohumeral mus- 
cular dystrophy. 

The progressive nature of the retinal vascular 
abnormalities requires close follow-up and 
multiple treatments. Since the classic descrip- 
tion of Coats’ disease in 1908° described pri- 
marily unilateral involvement, bilateral disease 
should make ophthalmologists consider associ- 
ated systemic findings that may not be present 
initially at the time of diagnosis. Our case 
reiterates the association between facioscapu- 
lohumeral muscular dystrophy and Coats’ dis- 
ease. Additionally, the long-term follow-up 
shows that aggressive treatment in the form of 
multiple photocoagulation treatments, vitrec- 
tomy, and scleral buckling can preserve vision 
for extended periods of time. 
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The enucleation of an eye is associated with 
the development of a deep upper eyelid sulcus, 
enophthalmos, retraction of the upper eyelid, 
lower eyelid laxity, and a backward tilt of the 
artificial eye.’ This is the postenucleation socket 
syndrome. The symptoms, however, are not 
always the result of an enucleation. 

In January 1990, a 28-year-old man was re- 
ferred for treatment of postenucleation socket 
syndrome of the right orbit. The medical histo- 
ry and correspondence from the hospital where 
the patient was first treated stated the follow- 
ing: ‘Perforation of the right eye due to a 
windshield accident in April 1984 with subse- 
quent removal of the remnants of the right 
eyeball by an ophthalmologist and reposition 
of some of the bony fragments of the right 
lateral orbital rim by a maxillofacial surgeon.” 

We examined the patient five years after trau- 
ma and noticed a backward tilted artificial eye, 
a large socket, a deep superior sulcus, and the 
absence of any motility of the artificial eye. The 
left eye was normal. Because we suspected 
orbital wall fractures in this patient, high-reso- 
lution direct multiplanar computed tomogra- 
phy of the orbit was performed in the sagittal 
and coronal plane. Computed tomographic 
scans in these two planes have proven to be 
successful in the assessment of trauma of the 
orbital floor. In our patient, the sagittal and 
coronal scans showed a large orbital floor frac- 
ture on the right side and, surprisingly, a dislo- 
cated intact globe and optic nerve within the 
maxillary sinus (Figs. 1 and 2). 

Only a few patients have been described in 
whom the entire globe was dislocated into the 
maxillary sinus because of a blowout fracture.”” 
We were astonished that the patient had had the 
eye inside the maxillary sinus for more than five 
years without knowing it. After surgical reposi- 
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Fig. 1 (Smit, Koornneef, and Zonneveld). Top, Sag- 
ittal high-resolution computed tomographic scan of 
the normal left orbit. Bottom, Sagittal scan of the 
right orbit. The globe has been displaced through the 
orbital floor fracture into the maxillary sinus. 


tion of the globe into the orbit and subsequent 
repair of the floor defect with a Teflon plate, the 
symptoms of the socket syndrome improved 
distinctly. Unfortunately, the vision of the right 
eye had been lost. 





Fig. 2 (Smit, Koornneef, and Zonneveld). Coronal 
© scan, 


Since the anatomic structures in anophthal- 
mic orbits are usually in predictable positions,’ 
there is no need for routine preoperative com- 
puted tomographic scanning of the orbit for the 
proper insertion of a secondary intraorbital 
implant. In severe orbital trauma, however, 
high-resolution direct multiplanar computed 
tomographic scanning is valuable. 
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Aplastic Anemia With Platelet 
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Methazolamide and acetazolamide, carbonic 
anhydrase inhibitors, are frequently used in 
conjunction with topical medication in the 
management of difficult cases of glaucoma. 
Carbonic anhydrase inhibitors are unsubsti- 
tuted sulfonamides and share similar allergic 
and toxic side effects. The most serious reaction 
relates to hematologic toxicity, namely throm- 
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bocytopenia, agranulocytosis, and aplastic 
anemia.’ Although the mechanisms for these 
toxicities are unknown, agranulocytosis and 
thrombocytopenia are considered to have an 
acute onset and are thought to be reversible 
after discontinuing the drug.” However, carbon- 
ic anhydrase inhibitor-induced aplastic anemia 
has an insidious onset, appears to be indepen- 
dent of dose, and is rarely reversible after 
medication is stopped.” We treated a patient 
with primary open-angle glaucoma in whom 
aplastic anemia and platelet autoantibodies 
were diagnosed after she had used methazol- 
amide for three months. 

In October 1987, a 74-year-old woman was 
given methazolamide 50 mg daily, for control 
of chronic open-angle glaucoma. Two months 
later she complained of decreased appetite and 
truncal pruritic rash. By February 1988, the 
patient noted fatigue and a 31-lb weight loss. 
The patient discontinued taking the methazol- 
amide at this time. In May 1988, she was hospi- 
talized with a low-grade fever and was found to 
have pancytopenia (platelet count, 69,000 
cells/mm’, hemoglobin level, 8.1 g/dl, and 
leukocyte count, 1,300 cells/mm’), pseudo- 
membranous ulcerative colitis, a right pleural 
effusion, and Candida esophagitis. She had hy- 
pertension, which was not being treated, and 
denied recent exposure to toxic chemicals. 

During her initial hospitalization, she was 
treated with antibiotics, digoxin, random plate- 
let transfusions (five times), and packed red 
blood cells (nine units). The patient was then 
transferred to Ohio State University Hospital. 
Physical examination disclosed ecchymotic are- 
as on the arms at venipuncture sites, decreased 
breath sounds in the right lung base, sinus 
tachycardia, and a positive guaiac test for occult 
blood. Ophthalmic examination disclosed visu- 
al acuity of R.E.: 20/100 and L.E.: 20/50. Intra- 
ocular pressure was R.E.: 25 mm Hg and L.E.: 
24 mm Hg. Cup/disk ratios were 0.4 in each 
eye. 

Results of laboratory tests performed at ad- 
mission showed pancytopenia. Bone marrow 
biopsy specimens showed hypocellularity of 
less than 15% and no evidence of infiltrative 
disease. Cytogenetic analysis showed no mitot- 
ic figures. Histocompatibility testing disclosed 
neutrophil autoantibodies by agglutination and 
bound platelet autoantibodies by immunofluo- 
rescence. Additionally, the patient had strong 
antibody reactivity to several classes of HLA-A 
and HLA-B antigens, which is consistent with 
receiving multiple transfusions, and no alloan- 
tibodies to platelets. 


Treatment consisted of reverse isolation, sup- 
portive transfusions, and eventually a four-day 
trial of high-dose immunoglobulin (500 mg/kg 
of body weight). There was no hematologic 
response, and a long-term regimen of oxymeth- 
olone was initiated. The patient was transferred 
back to her local hospital. One year later, the 
patient appeared to have a limited response to 
oxymetholone, but still requires occasional 
supportive transfusions. 

We believe the time course and medication 
history of this patient are strongly suggestive of 
methazolamide-induced aplastic anemia. Al- 
though the mechanism of carbonic anhydrase 
inhibitor-induced aplastic anemia is not 
known, it is thought to be a direct toxic effect on 
the hematopoietic stem cells by the drug, its 
metabolites, or both.” It is also possible that this 
process is mediated by an immune mechanism. 
The membrane glycoproteins, GPIb, GPIIb, 
GPIlla, and GPIX, have been implicated as a 
target for drug-dependent, platelet-specific an- 
tibodies.* Although the platelet and neutrophil 
autoantibody status was not known before 
methazolamide treatment in our patient, the 
presence of these autoantibodies suggests that 
an immune-mediated toxic process was in- 
volved. 
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Epstein-Barr virus has been cultured from 
corneal epithelial dendrites during infectious 
mononucleosis! and has been implicated as a 
cause of stromal keratitis.” We treated a patient 
who developed bilateral keratitis after a chemi- 
cal facial peel. Laboratory analysis suggested 
that the keratitis was caused by Epstein-Barr 
virus. 

A 66-year-old woman underwent a chemical 
facial peel in March 1988. A solution contain- 
ing phenol, water, soap, and croton oil was 
applied to her face and eyelids. Four days after 
this procedure, the patient developed joint 
pain, fever, malaise, and blurred vision in the 
right eye. Several days later, she noted blurred 
vision in her left eye. Multiple small epithelial 
dendrites with underlying anterior stromal 
haze were noted in each eye. A regimen of 
trifluorothymidine solution eight times daily 
was begun. The dendrites resolved in four 
weeks. In June 1988, recurrent multifocal epi- 
thelial dendrites with pleomorphic, ring- 
shaped anterior stromal opacities and edema 
developed in both corneas. A culture of the 
epithelial lesions was negative for herpes sim- 
plex and varicella zoster viruses, and no specif- 
ic antigens for these viruses were detected by 
immunofluorescent staining of scraped corneal 
cells. Prednisolone phosphate 1% eyedrops 
were begun, and the epithelial keratitis re- 
solved. 

Another recurrence of dendritic epithelial 
keratitis developed in the right eye on Aug. 8, 
1989. A culture of this lesion was again nega- 
tive for herpes simplex virus. Impression cytol- 
ogy of the lesion was performed. The epithelial 
cells at the perimeter of the dendrite on the 
membrane exhibited strong staining by an im- 
munoperoxidase technique with a monoclonal 
antibody to Epstein-Barr virus early antigen 
(Fig. 1). Epstein-Barr virus DNA was detected 
in cells from this lesion by polymerase chain 
reaction using Epstein-Barr virus-specific 
primers and probes as previously described’ 
(Fig. 1). Epstein-Barr virus serologic tests were 
consistent with previous exposure. The patient 
was treated with oral acyclovir (1 g per day) for 
six months. No further epithelial lesions have 
developed over a two-year follow-up period. 
Visual acuity decreased to R.E.: 20/100 and 
L.E.: 20/50 because of corneal stromal scarring 
and irregular astigmatism (Fig. 2). 
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Fig. 1 (Pflugfelder, Huang, and Crouse). Top, Auto- 
radiogram of polymerase chain reaction products of 
DNA obtained from an Epstein-Barr virus-positive 
Burkitt's lymphoma cell line (Namalwa, lane 1), 
scraping of the patient's corneal epithelial dendrite 
(lane 2), and an Epstein-Barr virus—negative cell line 
(BL-3, lane 3). Specimens were blotted on a nylon 
membrane, hybridized with a “P-labeled probe, and 
exposed for two hours. Epstein-Barr virus primers 
and probe sequences from the Bam HI K region were 
used for polymerase chain reaction.” Herpes simplex 
virus DNA was not amplified from this specimen by 
polymerase chain reaction. Bottom, Photomicro- 
graph of nitrocellulose acetate membrane impression 
cytology of corneal epithelial dendrite in the right 
eye stained with a monoclonal antibody against 
Epstein-Barr virus anti-early diffuse (R 3.1) antigen 
(Dupont MEN, Boston, Massachusetts) using an im- 
munoperoxidase technique (X 100). Herpes simplex- 
and varicella zoster virus-infected cells did not stain 
with this antibody, whereas Epstein-Barr virus- 
infected cells (B95-8) induced to produce lytic 
antigens were strongly positive. 


Facial herpetic infections have been reported 
after facial peels containing phenol and croton 
oil.‘ Our patient developed bilateral epithelial 
and stromal keratitis with features similar to 
those previously associated with Epstein-Barr 
virus’ shortly after a facial peel containing 
these chemicals. Herpes simplex virus was not 
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Fig. 2 (Pflugfelder, Huang, and Crouse). Irregular 
ring-shaped anterior stromal opacity that developed 
in the right eye after resolution of the dendritic 
epithelial keratitis. Similar lesions developed in the 
fellow eye. 


detected on two separate occasions, and results 
of further laboratory investigations indicated 
that Epstein-Barr virus was the causative agent. 
The croton oil used in the peeling solution 
contained phorbol esters that have been found 
to induce Epstein-Barr virus replication in la- 
tently infected cells in concentrations less than 
20 ng/ml.’ It is possible that this compound 
caused corneal reactivation of Epstein-Barr vi- 
rus, which Crouse and associates’ have found to 
persist in approximately 10% of corneal epithe- 
lial specimens obtained from normal eyes from 
cadavers of patients seropositive for Epstein- 
Barr virus. Sight-threatening complications, 
such as those that occurred in our patient, 
indicate that the use of croton oil in facial peels 
should be used cautiously and after the patient 
has been informed of the possibility of activa- 
tion of herpesviruses. 
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Thelazia species is a spiruroid nematode that 
can parasitize the mammalian conjunctival sac. 
Human thelaziasis is caused by two species, T. 
californiensis and T. callipaeda. Definitive hosts 
of T. californiensis include the dog, cat, horse, 
fox, coyote, sheep, bear, and deer. Flies, includ- 
ing Fannia species, are the intermediate host.’ 
Human infections, which cause pain and wa- 
tery conjunctivitis, are rare.** Thelazia calli- 
paeda, which usually parasitizes the dog, is 
found in the Far East and India and may cause 
high human infection rates in some areas.‘ 

A 60-year-old woman had swelling, tearing, 
and redness of the right eye that began two 
weeks after she noted a small fly in that eye 
while hiking in the Sierra Mountain foothills of 
California. Treatment with erythromycin oint- 
ment and gentamicin eyedrops did not reduce 
her symptoms. One month after onset of symp- 
toms, an examination disclosed papillary con- 
junctivitis, lacrimal gland fullness, and moder- 
ate bulbar conjunctival injection with 20/20 
visual acuity (Fig. 1). Four cream-colored 
worms were noted on the surface of the eye, 
including one in the inferior fornix and three 
near the orifices of the lacrimal gland. These 
were removed with forceps (Fig. 2). Four days 
later, a single worm was removed from the 
lacrimal gland area. Both male and female T. 
californiensis worms were identified by parasi- 
tologists. The patient’s symptoms resolved, and 
no further worms were identified on repeated 
examinations. 

Thelaziasis results when embryonated eggs 
in the ocular secretions of an infected host are 
ingested by flies, develop into larvae, and are 
subsequently deposited onto the conjunctiva of 
a new host. The worms eventually migrate 
along the ocular surface, which causes a foreign 
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Fig. 1 (Kirschner, Dunn, and Ostler). Moderate 
papillary conjunctivitis of right eye before removal of 
worms. 


body sensation and conjunctivitis. Intraocular 
penetration by T. californiensis does not occur, 
although the lacrimal system may be involved. 
Adult worms are creamy-white and measure up 
to 0.75 X 13.00 mm in males and 0.85 x 17.00 
mm in females.’ The male is identified by ven- 
tral curving of the posterior end; the female is 
identified by the vulva, which opens midven- 
trally.' 

Kofoid and Williams’ first reported human 
thelaziasis in the United States in a 42-year-old 
man, who reported getting an insect in his eye 
while in the Sierra Nevada Mountains. Three T. 
californiensis worms were removed without re- 
currence of worms or symptoms. Differentia- 
tion of species was made on the basis of the 
number of transverse cuticular striations and 
caudal or vulvar papillae on phenol-cleared 
specimens. 

Treatment of thelaziasis involves removal of 
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Fig. 2 (Kirschner, Dunn, and Ostler). Thelazia cali- 
forniensis taken from conjunctival surface. 





the worms with forceps with topical anesthesia. 
Small worms may be missed initially and may 
cause recurrence of symptoms as they grow. 
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A 43-year-old man noted a gradual decrease 
in visual acuity in the right eye during a period 
of one month. The ophthalmic examination 
disclosed a posterior uveitis with peripheral 
chorioretinitis. Visual acuity was R.E.: 20/30 
and L.E.: 20/20. 

The patient was treated with topical cortico- 
steroids with good results initially. Six months 
later, however, he noted progressive loss of 
visual acuity in the right eye. Ophthalmoscopy 
of the right eye disclosed optic disk swelling 
and two white-yellow exudates in the choroid. 
Visual acuity was R.E.: 20/100. A regimen of 
oral prednisone, 60 mg daily, was initiated. The 
inflammatory activity disappeared promptly, 
but visual acuity in the right eye remained 
20/100. Therefore, after five months the corti- 
costeroids were tapered. 

One week after cessation of corticosteroid 
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therapy, the patient noted a rapid loss of vision 
in the left eye. On ophthalmic examination, 
visual acuity was 20/100 in both eyes. No 
ocular abnormalities were observed, except for 
a retinal scar in the periphery of the right eye. 
Visual field examination showed a central con- 
striction in the right eye and nasal defects in the 
left eye. Fluorescein angiography disclosed no 
abnormalities. Pattern-evoked visual potentials 
were in agreement with visual acuity, and flash 
responses were within the normal range. 

Results of neurologic and general physical 
examinations were normal, as well as the re- 
sults of routine laboratory tests and the endo- 
crine studies of the hypothalamic-pituitary 
axis. The angiotensin-converting enzyme and 
lysozyme concentrations in serum were initial- 
ly 23 U/l and 2.5 mg/l, but increased to 61 U/1 
and 9.4 mg/l, respectively (normal up to 50 U/l 
and 8.0 mg/l, respectively’). 

Based on the ophthalmic examinations and 
increased serum angiotensin-converting en- 
zyme and lysozyme levels, the diagnosis of 
sarcoidosis was presumed.’ Results of chest and 
skull x-rays, gallium scintigraphic scan, con- 
trast-enhanced computed tomographic scan of 
the orbits and the pituitary fossa, and cranial 
magnetic resonance imaging were all normal. 

Analysis of the cerebrospinal fluid disclosed 
no abnormalities, except borderline increased 
angiotensin-converting enzyme (2 U/l; normal 
up to 2 U/l). Serologic tests for syphilis in the 
serum and cerebrospinal fluid were negative. 

Quadriceps femoris muscle biopsy specimen 
disclosed noncaseating granulomas containing 
epithelioid and giant cells, consistent with sar- 
coidosis. The muscle biopsy specimen con- 
firmed that the patient suffered from sarcoido- 
sis. The decline in visual acuity of nonocular 
origin associated with visual field defects to- 
gether with increased angiotensin-converting 
enzyme level in the cerebrospinal fluid suggest- 
ed the diagnosis of neurosarcoidosis.2* Beards- 
ley and associates’ reported that the posterior 
segment involvement of the eye in sarcoidosis 
has a positive correlation with sarcoidosis of 
the central nervous system. 

The prevalence of neurologic involvement in 
sarcoidosis is approximately 5%. The diagno- 
sis of neurosarcoidosis is often difficult to 
make, especially in patients without evidence 
of systemic disease or with atypical neurologic 
symptoms, as in our patient. 

The muscle involvement in sarcoidosis is usu- 
ally asymptomatic with a reported prevalence 
of 55%.’ Wallace and associates’ recommended 


performing muscle biopsy routinely for the di- 
agnosis of sarcoidosis, especially in the absence 
of other available tissue for examination. We 
confirmed that performing muscle biopsy, a 
relatively simple procedure, can be useful in 
gathering histologic evidence of sarcoidosis. 
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Corneoscleral Rupture Ten Years 
After Radial Keratotomy 


Mark L. McDermott, M.D., 
W. Scott Wilkinson, M.D., 
David B. Tukel, M.D., 
Matthew P. Madion, M.D., 
John W. Cowden, M.D., 
and James E. Puklin, M.D. 


Kresge Eye Institute, Wayne State University Schoo! 
of Medicine. 


Inquiries to Mark L. McDermott, M.D., Kresge Eye 
Institute, 4717 St. Antoine, Detroit, MI 48201. 

A 32-year-old woman with a refractive error 
of R.E.: —6.00 +1.00 x 160 and L.E.: —6.50 
+1.00 x 5 with keratometry of R.E.: 44.00/ 
44.25 at 130 degrees and L.E.: 43.87/44.00 at 
142 degrees was referred for radial keratotomy. 
Central corneal thickness was 0.58 mm in the 
left eye with peripheral thickness of 0.72 mm. 

On July 30, 1980, she underwent an unevent- 
ful 16-incision radial keratotomy with a 3.0- 
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mm optical zone. The steel blade used was set 
for a paracentral depth of 0.65 mm and a 
peripheral depth of 0.725 mm. One year post- 
operatively uncorrected visual acuity in the left 
eye was 20/25, with a cycloplegic refraction of 
—1.75 +0.50 x 125 and keratometry of 39.86/ 
40.00 at 89 degrees. 

On June 28, 1990, the patient was accidently 
struck in the left eye. She noted immediate 
pain, loss of vision, and bloody ocular dis- 
charge (Figure). 

Examination six hours later disclosed best- 
corrected visual acuity of R.E.: 20/20 and L.E.: 
light perception with partial projection. Ocular 
motility was full, and there was no reverse 
afferent pupillary defect in the left eye. Slit- 
lamp examination of the left eye showed con- 
junctival chemosis and subconjunctival hemor- 
rhage. The cornea had a full-thickness tear in 
the horizontal meridian with scleral extension 
nasally. This tear spanned across the entire 
horizontal cornea, beginning temporally at the 
3 o'clock corneoscleral limbus, dissecting cen- 
trally within the bed of the radial keratotomy 
incision, crossing the visual axis, reentering the 
central portion of the 9 o’clock radial keratoto- 
my incision, and continuing past the corneo- 
scleral limbus to enter the nasal sclera. There 
was uveal prolapse into the wound nasally, and 
a total hyphema was noted. The crystalline lens 
was not seen. The patient was taken to the 
operating room for exploration and repair. 

Intraoperatively the nasal aspect of the tear 
was found to continue posteriorly ending 2.0 
mm posterior to the insertion of the medial 
rectus muscle. Scleral closure was uneventful. 
Attempts to close the corneal tear were compli- 
cated by disruption of adjacent radial keratoto- 
my incisions during the tightening of the corne- 
al sutures approximating the tear. Closure of 
the adjacent radial keratotomy incisions with 
additional 10-0 nylon sutures was necessary to 
maintain corneal integrity. B-scan ultrasound 
obtained postoperatively showed a nasal retinal 
elevation. Examination ten days after the injury 
disclosed a formed globe with an extremely 
deep anterior chamber containing residual 
blood and fibrin. There was no view of the 
posterior pole or peripheral retina. Visual acu- 
ity was light perception with variable projec- 
tion. Fourteen days after the injury, the patient 
underwent a pars plana vitrectomy. Upon re- 
moval of blood and formed vitreous a relatively 
intact posterior pole was seen. The nasal pe- 
ripheral retina was drawn up into a fold, and no 
breaks were present. Visual acuity was count- 
ing fingers at two feet. Examination six weeks 
after the injury disclosed a quiet anterior seg- 





Figure (McDermott and associates). The left eye 
before surgical repair showing horizontal corneo- 
scleral rupture. 


ment, attached retina, and best-corrected visual 
acuity of 20/80 with a + 6.00 sphere. 

It is generally accepted that radial keratotomy 
results in a structurally weakened cornea with 
increased susceptibility to globe rupture.’ The 
genesis of this weakness results from the dis- 
ruption of the corneal lamellae and incomplete 
healing of the incisions even years after sur- 
gery.” 

The radial keratotomy incisions adjacent to 
the corneal tear in our patient readily opened 
up ten years after their placement and made 
closure of the tear more difficult. The incisions 
guided the path of the tear much like perfora- 
tions do in separating stamps. The small optical 
zone (3.0 mm) probably facilitated the tear to 
propagate across full-thickness cornea and re- 
enter another radial keratotomy incision. The 
number of incisions (16) provided both greater 
structural weakening and more pathways for a 
corneal tear to propagate than radial keratoto- 
my surgery consisting of four or eight incisions. 
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Translimbal Iris Hook for Pupillary 
Dilation During Vitreous Surgery 


Dwain G. Fuller, M.D., 
and Donald L. Wilson, M.D. 


Texas Retina Associates (D.G.F.) and Midwest Eye 
Institute (D.L.W.). 


Inguiries to Dwain G. Fuller, M.D., 7150 Greenville 
Ave., Dallas, TX 75231. 

A number of techniques have been described 
for achieving wide pupillary dilation to facili- 
tate peripheral vitreoretinal procedures. Dur- 
ing protracted surgery with vitreous base dis- 
section, pharmacologic approaches, such as 
preoperative flurbiprofen or epinephrine in the 
infusion system, often fail to prevent miosis. 
Iris sphincterotomy and iridectomy can be 
used, but they are cosmetically objectionable 
and may cause bleeding. Mechanical stretching 
of the iris can be achieved with sutures!’ or 
with a recently described intraocular tack.’ 

We devised a translimbal iris hook that we 
believe offers advantages over the use of intra- 
ocular sutures or tacks for iris stretching. The 
hook can be simply fashioned from a small 
length of 0.3-mm diameter stainless steel wire. 
A piece of solid silicone (cut from a silicone rod 
used for scleral buckling) is threaded onto the 
noncurved end of the wire to serve as a stop. A 
microvitreoretinal blade is used to enter the 
anterior chamber. The iris hook is passed into 
the anterior chamber through the limbal inci- 
sion, and the pupillary margin is engaged. Par- 
tial withdrawal of the wire permits the desired 
state of dilation to be achieved. The distal end 
of the wire is then carefully grasped with a 
needle holder, and the silicone stop is snugged 
down to the corneoscleral limbus (Figure). The 
placement of one hook may be adequate if wide 
dilation is required in only one quadrant. At the 
conclusion of the surgery the hooks are re- 
moved, and the limbal entrance sites are each 
closed with a single 8-0 Vicryl suture. 

This device is well suited to aphakic and 
pseudophakic eyes and may be applicable to 
phakic eyes in selected cases. We have used this 
hook to retract the iris to permit successful 
extraction of a small foreign body lodged be- 
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Figure (Fuller and Wilson). The use of two trans- 
limbal iris hooks. 


tween the inferior iris and the anterior lens 
capsule. 
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A Sutureless Self-Retaining Infusion 
Cannula for Pars Plana Vitrectomy 


Genevieve Mason, R.N., 

J. Michael Sullivan, M.D., 
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Barnes Hospital (G.M., J.M.S., R.J.O.), and Depart- 


ment of Ophthalmology, Washington University 
School of Medicine (J.M.S., R.J.O.). 
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A sutureless self-retaining infusion cannula 
(Sur-Med Instrument Company, 9422 Gravois 
Rd., St. Louis, MO 63123) was designed as a 
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Fig. 1 (Mason, Sullivan, and Olk). Modified suture- 
less self-retaining infusion cannula (X 5). 


modification of a prototype by Hilton.’ The 
cannula has a beveled 19-gauge tubular ele- 
ment and a smaller 20-gauge shelf to support 
the device transsclerally (Fig. 1). The total in- 
traocular length of the cannula is 4.0 mm. It is 
placed through a 19-gauge sclerotomy entry 
(Fig. 2). A preplaced sclerotomy suture is used 
to facilitate closure at the conclusion of the 
operation. The cannula is attached by flexible 
Silastic tubing to an 18-gauge needle adapter 
for connection to standard infusion equipment. 
The step design of the cannula proper and the 
broad-based flange provide excellent stability 
for a hydrodynamically closed system during 
pars plana vitrectomy. We have used the device 
successfully in more than 400 procedures in- 
cluding phakic, pseudophakic, and aphakic 
eyes without complications. 





Fig. 2 (Mason, Sullivan, and Olk). Intraoperative 
photograph with modified sutureless self-retaining 
infusion cannula placed in inferotemporal quadrant 
of left eye. 
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Liability for Intraocular Lens 
Calculations 


Michael S. Insler, M.D. 


Department of Ophthalmology, LSU Eye Center, 
Louisiana State University Medical Center School of 
Medicine. 


Inquiries to Michael S. Insler, M.D., LSU Eye Center, 
2020 Gravier St., Ste. B, New Orleans, LA 70112-2234. 

A favorable outcome after cataract extraction 
with intraocular lens insertion depends on 
many variables. Even after uncomplicated sur- 
gery, the patient may not see well because of 
errors in the calculation of lens power. Stan- 
dard formulas for normal, as well as short and 
long eyes, are used to predict a postoperative 
result as close to emmetropia as possible.’ 
These formulas notwithstanding, technical er- 
rors still occur and may result in physician 
liability. 

A Louisiana plaintiff brought a medical mal- 
practice action against a local physician who 
performed cataract surgery, alleging that the 
physician negligently installed the incorrect 
intraocular lens that caused impaired vision.” 
The Court held that the physician’s medical 
technician did not obtain the correct keratome- 
try and axial length measurements, which 
would have resulted in an intraocular lens pow- 
er of +33 diopters for adequate vision instead 
of the +25-diopter power intraocular lens that 
was implanted at the time of surgery. The Court 
awarded general damage in the amount of 
$50,000. 

The question before the Court was whether 
this mistake or miscalculation was a breach of 
the standard of care. The evidence from expert 
and factual testimony disclosed that measure- 
ments could have been taken improperly 
through human error. The record disclosed 
three causes for the error in intraocular lens 
calculation: inaccurate axial length measure- 
ments, which resulted from human error; fail- 
ure to take comparison measurements of the 
contralateral eye (this is a common practice 
among ophthalmologists and is also suggested 
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in the instruction manual for A-scan ultrasono- 
graphy); and inaccurate keratometry readings, 
which resulted from failure to instruct the 
plaintiff to remove his hard contact lenses for a 
long enough period of time before preoperative 
measurements were obtained.’ This omission 
was a breach of the standard of care and con- 
tributed directly to the incorrect keratometry 
readings obtained on the patient's eye. 

To prevent this problem and to eliminate 
liability on the part of the physician, patients 
with cataract should be instructed to remove 
their contact lenses before they come to the 
ophthalmologist’s office. The evidence was 
speculative as to the exact length of time need- 
ed (between two hours and two weeks), but it is 
clear that the plaintiff was not instructed to take 
his contact lenses out until he arrived at the 
physician's office for preoperative examination 
and ocular measurements. Furthermore, al- 
though Medicare economics may not favor si- 
multaneous measurements performed on right 
and left eyes, certain allowances must be made 
for comparison when initial intraocular lens 
calculations appear abnormal. 

Ophthalmologists must use reasonable care 
and diligence, along with their best judgment, 
in the application of the skills of their specialty. 
In anticipation of cataract surgery, this includes 
the duty to prepare the patient properly for 
preoperative examination. 
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Primate Trabeculectomies With 
5-Fluorouracil Collagen Implants 


EDITOR: 

In the article “Primate trabeculectomies with 
5-fluorouracil collagen implants,” by B. Hasty, 
D. K. Heuer, and D. S. Minckler (Am. J. Oph- 
thalmol. 109:721, June 1990), the authors care- 
fully evaluated the histopathologic results of 
these implants. As cited in their references, my 
associates and I have been developing this de- 
livery system over the past eight years starting 
in tissue culture, moving then to rabbits, and 
finally on to humans. I now have completed 
over five years of clinical experience treating 
patients with glaucoma whe would normally 
have qualified for the collaborative 5-fluoro- 
uracil filtering study. My clinical results compare 
favorably to the use of fluorouracil delivered 
by injection as reported in the collaborative 
filtering study.’ 

I have several suggestions to explain the dif- 
ferences I have observed in humans from the 
findings predicted from the authors’ monkey 
study. First, I believe the authors were overly 
negative in interpreting their results with the 
sponge implant with antimetabolite. Three of 
the four monkeys who had the sponge implant 
with the antimetabolite showed open internal 
fistula sites at six weeks, a time when monkeys 
without a sponge or antimetabolite would have 
shown complete closure of the internal ostia. 
The fourth monkey, not having a patent inter- 
nal opening, appeared to have a technical fail- 
ure because of the peripheral anterior syne- 
chiae, which cannot be blamed on the sponge 
delivery device. Second, there are technical 
variations between how the authors inserted 
the sponge and the technique that | use clini- 
cally. Rather than implanting the sponge com- 
pletely underneath the scleral flap, | sew the 
sponge so that two thirds of it are under the 
flap and one third posterior to the flap separat- 
ing the edges. This may make it less likely for 
scarring the closure of the external scleral side. 
Lastly one cannot emphasize too strongly the 
difference between humans and normal pri- 
mates when it comes to their response to filtra- 
tion surgery, particularly surgery for glauco- 
ma. Patients undergoing filtration surgery for 
the most part are elderly and have glaucoma as 
a disease. The outflow in the trabecular mesh- 
work is poor and, therefore, most of the aque- 
ous secretions will flow out of the filtration 
ostia; whereas in a normal monkey, there is 
still a great deal of flow out of the meshwork, 
thus encouraging closure of the filtering ostia. 
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Fortunately, my encouraging clinical results 
were obtained before the publication of this 
report. It would be a shame if other potential 
delivery systems, which greatly reduce the 
morbidity and inconvenience for both the pa- 
tient and physician, were discarded early in 
the course of their development because of 
seemingly misleading primate experimental 
data. 


JONATHAN HERSCHLER, M.D. 
Sheridan, Wyoming 
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Reply 


EDITOR: 

We appreciate Dr. Herschler’s interest in our 
study and gratefully acknowledge his pioneer- 
ing research with sustained delivery of antime- 
tabolites. 

Our finding that the 5-fluorouracil-treated 
eyes had opened internal trabeculectomy ostia 
more deeply than the control eyes does sug- 
gest a beneficial effect of the collagen im- 
plants. We doubt, however, that Dr. Her- 
schler’s sponge implantation technique makes 
scarring of the external aspect of the trabecu- 
lectomy scleral flaps less likely than the tech- 
nique that we used in our animal model, since 
our study suggests that the columns of the 
collagen implants themselves act as scaffolds 
for fibroblast migration. 

We agree with Dr. Herschler’s observation 
that filtering surgery in normal primate eyes 
overestimates the failure rate for most patients 
with glaucoma who are surgical candidates. 
We regard the primate model as a nearly worst 
case analysis. That notwithstanding, in a ran- 
domly assigned, masked comparison of post- 
operative subconjunctival 5-fluorouracil injec- 
tions and control (saline) injections after 
posterior lip sclerectomies in normal owl mon- 
key eyes, most of the 5-fluorouracil—-treated 
eyes did maintain both patent sclerostomies 
and filtering blebs, whereas none of the con- 
trol eyes maintained either a patent sclerosto- 
my or a filtering bleb.’ 

It was certainly not our intent to discourage 
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the development of potential sustained deliv- 
ery systems, since we agree with Dr. Herschler 
that subconjunctival 5-fluorouracil injections 
are relatively impractical and are frequently 
complicated by corneal epithelial defects and 
conjunctival wound leaks. An implantable, 
sustained delivery system would be more prac- 
tical and should improve the therapeutic index 
by maximizing the concentration of 5-fluoro- 
uracil within the filtering bleb while reducing 
the concentration of 5-fluorouracil in other oc- 
ular tissues; however, by their physical pres- 
ence, such systems may also increase the risk 
of tissue erosion, infection, and local inflam- 
mation, Thus, in our opinion, such a system 
should ideally be bioerodible and not incite an 
inflammatory reaction. Sustained delivery de- 
vices for antimetabolites also have at least one 
other major potential disadvantage compared 
to subconjunctival injections, specifically the 
difficulty of discontinuing drug delivery upon 
the development of undesirable side effects. 

We look forward to Dr. Herschler’s forth- 
coming report regarding his five-year clinical 
experience with the collagen implant and 
would be especially interested if he has any 
early postoperative histopathologic material 
that might be comparable to that of our study. 
Nonetheless, contrasting the results of our pri- 
mate study of the collagen implant impregnat- 
ed with 5-fluorouracil with the primate study 
of subconjunctival 5-fluorouracil injections’ 
suggests that the latter may be a better ap- 
proach in patients with glaucoma with poor 
surgical prognoses. 


BEN HASTY, M.D. 

DALE K. HEUER, M.D. 
DON S. MINCKLER, M.D. 
Los Angeles, California 
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Recurrent Conjunctival Papilloma 
Causing Nasolacrimal Duct Obstruction 


EDITOR: 
In the article “Recurrent conjunctival papil- 
loma causing nasolacrimal duct obstruction,” 
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by M. E. Migliori and A. M. Putterman (Am. J. 
Ophthalmol. 110:17, July 1990), the authors 
failed to cite an important reference. Lass and 
associates’ and Nagashafar and associates? 
have shown by Southern blot hybridization 
that human papillomavirus DNA can be found 
in most conjunctival papillomas. Furthermore, 
latent viral infection may persist in clinically 
normal epithelium even after complete exci- 
sion of the papilloma.’ It is unclear whether 
adjuvant cryotherapy would be sufficient to 
eradicate this latent infection.’ Although spe- 
cific antiviral therapy is not yet available, Lass 
and associates’ concluded that systemic inter- 
feron therapy can be tumor-suppressive. Adju- 
vant interferon may have been helpful in the 
treatment of these patients, particularly the 
patient who ultimately required exenterations 
of the lacrimal sac and canaliculi. 


SIMEON A. LAUER, M.D. 
Bronx, New York 
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Reply 


EDITOR: 

We agree with Dr. Lauer that cryotherapy 
does not always prevent recurrence, as both of 
our patients had recurrences after cryotherapy. 


We do believe, however, that the rate of recur- 
rence of conjunctival papillomas is lower when 
cryotherapy is applied at the time of surgery 
than when the lesions are simply excised. 
Alpha-interferon has been shown to sup- 
press the growth of human papillomavirus in 
conjunctival,’ laryngeal,’ and cervical papillo- 
mas.’ Dosage and duration of therapy are vari- 
ables that have to be defined, but preliminary 
reports are encouraging. Intralesional therapy 
was used with some success, according to one 
report.’ It is not known if the latent virus can 
be eliminated, or how long therapy can or 
should be continued. The recurrence rate after 
discontinuation of therapy also remains to be 
determined. Alpha-interferon therapy may 
prove to be useful in recurrent cases of con- 
junctival papillomas when the tumors involve 
large areas and removal of the entire lesion 
would require a major operative procedure. 


MICHAEL E. MIGLIORI, M.D. 
Providence, Rhode Island 
ALLEN M. PUTTERMAN, M.D. 
Chicago, Illinois 
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BOOK REVIEWS 


Edited by H. Stanley Thompson, M.D. 


Electrodiagnostic Testing of the Visual System. 
A Clinical Guide. By Ronald E. Carr and Irwin 
M. Siegel. Philadelphia, F. A. Davis Company, 
1990. 188 pages, index, illustrated. $55 


Reviewed by ALAN E. KIMURA 
Iowa City, Iowa 


The first edition of this book (1982) was a 
valuable addition to the ophthalmic electro- 
physiology literature, and this second edition 
retains all of its best features, especially brevity 
and clarity. There are new chapters on the focal 
electroretinogram, pattern electroretinogram, 
and visual-evoked potential. 

The second part of the book is called Clinical 
Applications, and it provides a brief outline of 
each of the classic clinical conditions. Particu- 
larly useful is the chapter describing the au- 
thors’ perspective on when to apply the tests 
that probe different parts of the visual system in 
a layer-by-layer approach. Finally, there are 
five appendices that give technical data on the 
electroretinogram, electro-oculogram, televi- 
sion pattern generation, color vision testing, 
and dark adaptometry. 

This book recognizes the impact of personal 
computer-based, electrodiagnostic systems 
upon clinical electrophysiology. This introduc- 
tion of new technology has created a familiar 
problem: the physician tends to trust the equip- 
ment and may be led into error. Manufacturers 
are marketing machines that still require some 
knowledge of the electronics involved despite 
claims that they are easy to use. Appreciation of 
various technical sources of error, the authors 
remind us, is important before acquiring data 
and publishing accurate results. 

To illustrate this point, the authors review 
some of the technical aspects of generating 
patterned stimuli on television monitors for 
pattern electroretinogram and visual-evoked 
potential, a standard feature of most systems 
purchased today, and remind us that it is the 
responsibility of the investigator to ensure that 
the luminance and percentage contrast are cali- 
brated properly. 

This new edition provides the reader with a 
concise and timely overview of the principles of 
clinical electrophysiology and of the new devel- 
opments in the area from two eminently re- 
spected practitioners. 
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The Eye in Systemic Disease. Edited by Daniel H. 
Gold and Thomas A. Weingeist. Philadelphia, J. 
B. Lippincott, 1990. 710 pages, index, illustrat- 
ed. $87.50 


Reviewed by GEORGE W. WEINSTEIN 
Morgantown, West Virginia 


Ophthalmologists are frequently called upon 
to examine patients with concomitant systemic 
disorders. Additionally, ophthalmologists of- 
ten encounter ocular findings in patients with a 
variety of systemic diseases. This book sets out 
to evaluate both of these occurrences. 

The editors of this book, Drs. Gold and Wein- 
geist, describe their goals clearly in the preface: 
to examine the relationship between the eye 
and systemic disease with an emphasis on their 
interrelationships. Systemic diseases are cate- 
gorized by fairly conventional means (for ex- 
ample, chromosomal disorders, infectious dis- 
eases, metabolic disorders, and the like), and 
the book is subdivided into 20 parts. The parts 
vary markedly in length. There are 230 chap- 
ters, and most are single-authored with little 
overlap between chapters. As a result, the list of 
contributors exceeds 300. 

The table of contents and index are well 
organized. Some confusion, however, may re- 
sult in that the same typeface was used for both 
the chapter number and the page number. 

The chapters are usually only two or three 
pages in length, with an occasional exception 
for subjects such as diabetes mellitus. The top- 
ics range from the commonplace (such as toxo- 
plasmosis in AIDS) to the obscure (there are ten 
chapters concerning diseases of which I have 
never heard). The organization of each chapter 
is essentially the same: after a brief introducto- 
ry paragraph or two, systemic manifestations 
and ocular manifestations are described in sep- 
arate sections. Most, but not all, of the chapters 
are illustrated with clinical and histopathologic 
photographs as well as some tables and dia- 
grams. 

In my opinion, this text is successful in 
achieving its goals. The credit for this success 
can be shared by the editors and authors alike. 
The editors clearly provided each of the authors 
with fairly strict guidelines for preparing the 
individual chapters, which lends a high degree 
of uniformity to the work as a whole. Addition- 





Vol. 110, No. 5 


Book Reviews 583 





ally, the editors assembled an extraordinary list 
of authors, all knowledgeable about their as- 
signments. As might be imagined, many of the 
authors are not ophthalmologists but are col- 
leagues in other medical fields. 

Many forces seem to have driven ophthalmol- 
ogy away from its traditional role as part of 
medicine. These include subspecialization 
within ophthalmology and the evolution of 
outpatient surgery. This book emphasizes that 
ophthalmologists are part of the medical pro- 
fession as a whole and need to know something 
about the full spectrum of human disorders. 

The Eye in Systemic Disease is highly recom- 
mended for practicing ophthalmologists. I pre- 
dict they will consult it often. 


Books Received 


Current Ocular Therapy 3. Edited by Frederick T. 
Fraunfelder and F. Hampton Roy. Philadelphia, 
W. B. Saunders, 1990. 792 pages, index. $80 


This third edition is a formidable volume of 
almost 800 pages. More than 400 experts have 
contributed short articles on how to treat vari- 
ous conditions. There will be many ophthal- 
mologists who will want to have this volume at 
hand in day-to-day clinical practice. 


Eye Care Programmes in Developing Countries. 
By Harjinder S. Chana. Zimbabwe, Eye Care 
Programme, 1989. 179 pages, illustrated. $30 


A few years ago the World Health Organiza- 
tion had as its motto, ‘Health for all by the year 


2000.” A pessimist suggested that a more ap- 
propriate slogan might be, “Health for all in 
2000 years.” A more realistic voice then of- 
fered, “Health for 2000 by the end of the year.” 
Dr. H. S. Chana appears to be such a realist. He 
has prepared a source book on the principles, 
planning, implementation, and evaluation of 
eye care programs in developing countries, ad- 
dressed to other realists who want to help to do 
something about preventable blindness. 


The Theory of Intelligence. A Sensory-Rational 
View. By Thorne Shipley. Springfield, Illinois, 
Charles C Thomas, 1990. 101 pages, illustrat- 
ed. $24.75 


Professor Shipley struggles valiantly toward 
a general evolutionary view of the nature of 
intelligence. The air is thin up here. On the 
slopes one can see the camps of other psycholo- 
gist/philosophers who have long since adapted 
to the altitude. 


The Book List 


Created From Animals. By James Rachels. New 
York, Oxford University Press, 1990. 245 
pages, index. $19.95 





Genome. By Jerry E. Bishop and Michael Wald- 
holz. New York, Simon and Schuster, 1990. 352 
pages, index, illustrated. $22.95 





ABSTRACT DEPARTMENT 


Edited by Michael A. Kass, M.D. 


Impact of the Medicare Fee Schedule on pay- 
ments to physicians. Levy, J. M.*, Borowitz, 
M. J., Jencks, S. F., Kay, T. L., and Williams, 
D. K.: JAMA 264:717, 1990. 


MEDICARE FEE SCHEDULE, RESOURCE-BASED 
RELATIVE VALUE SCALE, GEOGRAPHICALLY 
ADJUSTED STANDARDIZED PAYMENTS 


The OMNIBUS Budget Reconciliation Act of 
1989 created a Medicare Fee Schedule that will 
replace the customary, prevailing, and reason- 
able payment system used for many years. The 
Medicare Fee Schedule will be based in part on 
the Resource-Based Relative Value Scale devel- 
oped by Hsiao and associates. The authors 
simulated the new Medicare Fee Schedule and 
found that redistributions of Medicare-allowed 
charges across specialties will be substantial 
but only approximately half the amount pro- 
jected by Hsiao and associates. They estimated 
that there will be a 17% reduction in fees for 
ophthalmologists. There will be, however, sub- 
stantial variations within ophthalmology. The 
authors estimated that 5% of ophthalmologists 
will receive a 30% reduction in Medicare fees, 
47% of ophthalmologists will note a reduction 
between 10% and 30%, 31% of ophthalmolo- 
gists will have relatively little change in Medi- 
care reimbursement, 10% of ophthalmologists 
will gain 10% to 30%, and 6% of ophthalmolo- 
gists should gain more than a 30% Medicare 
reimbursement. In large part, this variation is 
because of redistributions among geographic 
areas. The authors noted that under the new 
system some communities will receive a 40% 
increase in Medicare-allowed charges, whereas 
other communities will receive a 27% reduction 
in Medicare-allowed charges. Physicians in ru- 
ral areas and in cities with historically low 
prevailing charges will gain in this redistribu- 
tion. Furthermore, the mix of procedures that a 
physician performs will also determine the 
Medicare reimbursement. It is clear that there 
will be widespread changes in Medicare pay- 
ment, but the full impact of these changes will 
not become clear for some years.—Michael A. 
Kass 


*Health Care Financing Administration, 2-B-14 Oak 
Meadows Bldg., 6325 Security Blvd., Baltimore, MD 
21207. 
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The outcomes movement—will it get us 
where we want to go? Epstein, A. M.*: N. Engl. 
J. Med. 323:266, 1990. 


MEDICAL OUTCOMES ASSESSMENT, PRACTICE 
GUIDELINES 


The outcomes movement has been launched 
with great hopes. The Joint Commission on 
Accreditation of Hospitals has accepted out- 
comes measurement as the cornerstone of its 
strategy for monitoring hospitals. Additionally, 
the Federal Government, through the Health 
Care Financing Administration and the newly 
established Agency for Health Care Policy and 
Research, is funding programs to gauge the 
effectiveness of medical interventions. 

The author is generally optimistic about out- 
comes research and believes that it will tell us 
more about the effectiveness of different medi- 
calinterventions. He questions whether we will 
have sufficient information in many situations 
to formulate guidelines for medical decision 
making. The production of guidelines will be 
expensive and time consuming and should, 
therefore, be limited to situations in which the 
therapeutic options are likely to be stable for 
long periods. He also stresses that many aspects 
of medicine are controversial and that these 
controversies are not likely to be settled in the 
near future by additional studies or by consen- 
sus panels. The author also questions whether 
outcomes research will always lead to cost sav- 
ings. In the past, most outcomes studies fo- 
cused on what was termed inappropriate care. 
In many situations, however, there are patients 
who are not receiving care or who are receiving 
substandard care. If the care for these patients 
is improved to the level of consensus care, 
additional health costs will be generated. Addi- 
tionally, the author stresses that physicians 
may be slow to accept recommendations from 
outcome studies, especially in controversial ar- 
eas. Finally, in many situations, patients will 
have strong preferences that will take prece- 
dence over recommendations from studies or 
consensus groups. In conclusion, the author 
believes that the call for increased assessment 
and accountability is healthy, but, in many 
instances, guidelines are not likely to produce 
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more rational or more efficient care.—Michael 
A. Kass 


*Brigham and Women’s Hospital, Harvard Medical 
School, Boston, MA 02115. 


Cataracts, intra-ocular lens implants, and a 
flying career. Liddy, B. S. L.*, Boyd, K., and 
Takahashi, G. Y.: Aviat. Space Environ. Med. 
61:660, 1990. 


INTRAOCULAR LENSES, PILOTS 


Intraocular lenses can restore relatively nor- 
mal vision to many patients after cataract sur- 
gery. In 1976, the Canadian Aviation Authority 
began to restore flight status to pilots who had 
undergone cataract extraction with intraocular 
lens insertion. In 1987, a follow-up study was 
done on the first 75 pilots whose flight status 
was restored. The follow-up period included 
ten years and 16,338 hours of postoperative 
flight time. Of 75 pilots, 19 (38%) reported 
increased glare sensitivity after cataract sur- 
gery. In most pilots, this symptom could be 
controlled with the use of ultraviolet-absorbent 
sunglasses. One pilot reported altered color 
perception, one pilot reported variability in 
vision, and nine pilots (18%) reported altered 
night vision. No pilot reported difficulty flying, 
and there were no safety incidents attributed to 
pseudophakic vision. The study included air 
transport—rated, senior commercial and private 
pilots, and a whole range of flight activity 
under varying climatic conditions. It appears 
that pilots who have undergone cataract extrac- 
tion with intraocular lens insertion are capable 
of functioning in a safe manner.—Michael A. 
Kass 


*Civil Aviation Medicine (AARG), Health and Wel- 
fare Canada, 7th Floor, 200 Kent St., Ottawa, Ontar- 
io, Canada K1A ON8. 


Computerized cataract detection and classi- 
fication. Edwards, P.A., Datiles, M. B.*, 
Unser, M., Trus, B.L., Freidlin, V., and 
Kashima, K.: Curr. Eye Res. 9:517, 1990. 


CATARACT DETECTION, SCHEIMPFLUG CAMERA 


To develop an objective technique to detect 
and classify cataracts, 156 eyes of patients and 
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normal volunteers were classified on the basis 
of slit-lamp examination as normal, nuclear 
cataract, cortical cataract, or posterior subcap- 
sular cataract. The eyes were then photo- 
graphed with a Scheimpflug camera, and the 
images were scanned and processed to obtain 
one-dimensional profiles through a 40 x 440- 
pm axial window. Of the 156 profiles, 90 were 
used as reference samples and were processed 
to obtain average profiles. The remaining 66 
profiles, and each of the reference profiles, were 
then classified into four diagnostic groups 
based on Scheimpflug data. The system was 
found to be extremely sensitive (98%) in detect- 
ing cataracts and specific (100%) in identifying 
normal lenses. The system also correctly classi- 
fied 98% of the cataracts into the various sub- 
types.—Michael A. Kass 


*Ophthalmic Genetics and Clinical Services Branch, 
National Eye Institute, Room 10N226, Bethesda, MD 
20892. 


Optical performance of multifocal intraocular 
lenses. Holladay, J. T.*, van Dijk, H., Lang, A., 
Portney, V., Willis, T. R., Sun, R., and Oksman, 
H. C.: J. Cataract Refract. Surg. 16:413, 1990. 


MULTIFOCAL INTRAOCULAR LENSES, VISUAL 
FUNCTION 


The optical performance of one monofocal 
and five multifocal intraocular lenses was eval- 
uated in the laboratory and photographically. 
The laboratory testing included determination 
of the modulation transfer function through 
focus response, resolution efficiency, and 
Strehl ratio of each lens. The photographic 
testing included photographs of the Regan 
high-contrast visual acuity chart at ten feet 
with clearest focus and 18 additional photo- 
graphs in which the image was defocused using 
minus trial lenses in 0.25 diopter increments. A 
Kodak color chart was photographed in color 
using each lens. All testing was conducted 
using a 3-mm artificial pupil under ideal im- 
plant conditions with no decentration or tilt. 
The laboratory and photographic results dem- 
onstrated that the multifocal lenses had a two- 
to threefold greater depth of field than did the 
monofocal lens. However, all the multifocal 
lenses had at least a 50% lower contrast in the 
retinal image. Color photographs taken 
through the multifocal lenses disclosed color 
mixing of adjacent colors, whereas the colors 
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appeared unchanged from the original with the 
monofocal lens. Further studies are necessary 
to determine whether patients believe the in- 
creased depth of field of the multifocal lenses is 
a good trade for the decreased contrast of the 
retinal image.—Michael A. Kass 


*Hermann Eye Center, Hermann Hospital, 6411 
Fannin, Houston, TX 77030. 


Are antibiotic-steroid drops necessary fol- 
lowing strabismus surgery? A prospective, 
randomized, masked trial. Wortham, E., V*, 
Anandakrishnan, |., Kraft, S. P., Smith, D., and 
Morin, J. D.: J. Pediatr. Ophthalmol. Strabis- 
mus 27:205, 1990. 


STRABISMUS SURGERY, POSTOPERATIVE 
ANTIBIOTIC-CORTICOSTERIOD EYEDROPS 


It is common practice to prescribe antibiotic- 
corticosteroid eyedrops for several days after 
strabismus surgery. In a clinical trial of 50 
patients who had symmetric strabismus sur- 
gery, one eye of each patient was randomly 
assigned to a combined antibiotic-corticoste- 
roid preparation. The other eye received artifi- 
cial tears. The patients were examined at one, 
three, and six weeks after surgery. No signifi- 
cant differences were noted between the treated 
eyes and the control eyes with respect to eyelid 
swelling, corneal clarity, conjunctival injec- 
tion, conjunctival chemosis, or conjunctival 
discharge. Neither the patients nor the parents 
noted any difference between the treated and 
the control eyes. The authors concluded that 
routine use of postoperative corticosteriod-an- 
tibiotic combinations may not be indicated in 
strabismus surgery.—Michael A. Kass 


*Department of Ophthalmology, 1300 Bancroft Ave., 
Ste. 203, San Leandro, CA 94577. 


Spatial representation of words in the brain 
implied by studies of a unilateral neglect 
patient. Caramazza, A., and Hillis, A. E.*: Na- 
ture 346:267, 1990. 


READING, WRITING, SPATIAL LOCALIZATION 


Reading and writing require access to stored 
knowledge about the spelling of words. Pre- 
sumably, we recognize “chair” but not “chare” 
or “chiar” as an English word, and similarly we 
write “chair” but not “chare” or “chiar”, be- 


November, 1990 


cause we possess mental representations that 
specify the identity and the order of the letters. 
It is unclear, however, how the order of the 
letters is represented and processed in the cen- 
tral nervous system. A patient who had brain 
damage with unilateral neglect was studied to 
gain further information about these matters. 
Unilateral neglect is a disorder characterized by 
the inability to perceive or respond to stimuli 
presented to the side contralateral to the site of 
the lesion, despite the absence of significant 
sensory or motor deficits. The patient made 
reading or spelling errors only in the right half 
of words, regardless of the length of the words. 
Furthermore, the patient produced the same 
pattern of errors in reading and spelling wheth- 
er the word was presented in horizontal, verti- 
cal, or mirror-reversed fashions, and whether 
the response was written, oral, or backward 
oral spelling. This pattern of performance sug- 
gests that information is coded spatially in a 
word-centered coordinate system. Information 
must be coded spatially in a defined coordinate 
frame in which the center corresponds to the 
midpoint of the representation of the word 
rather than the midpoint of the stimulus 
word.—Michael A. Kass 


*HealthSouth Rehabilitation Corporation, 9512 Har- 
ford Rd., Baltimore, MD 21234. 


Cortical microstimulation influences percep- 
tual judgements of motion direction. Salz- 
man, C. D., Britten, K.H., and Newsome, 
W. T.*: Nature 346:174, 1990. 


PERCEPTION, CORTICAL FUNCTION 


Neurons in the visual cortex respond selec- 
tively to specific features of the visual scene, 
such as the direction and speed of moving 
objects, the orientation of contours, or the color 
or relative depth of a visual pattern. It is com- 
monly assumed that the brain constructs its 
percept of the visual scene from information 
encoded in the selective responses of such cor- 
tical neurons. This hypothesis was tested by 
measuring the effect of modifying the firing 
rates of physiologically characterized neurons 
on psychophysical performance. Rhesus mon- 
keys indicated the direction of motion in a 
visual display while clusters of directionally 
selective neurons were stimulated in the middle 
temporal visual area, an extrastriate area that 
plays a prominent role in the analysis of visual 
motion information. Microstimulation biased 
the animals’ judgments toward the direction of 
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motion encoded by the stimulated neurons. 
This indicates that physiologic properties mea- 
sured at the neuronal level can be causally 
related to a specific aspect of perception.— 
Michael A. Kass 


*Department of Neurobiology, Stanford University 
School of Medicine, Stanford, CA 94305. 


The role of ocular muscle proprioception in 
visual localization of targets. Gauthier, 
G. M.*, Nommay, D., and Vercher, J.-L.: Sci- 
ence 249:58, 1990. 


OCULAR MUSCLE PROPRIOCEPTION, VISUAL 
LOCALIZATION 


The role of ocular muscle proprioception in 
the localization of visual targets has been in- 
vestigated in normal humans by deviating one 
eye to create an experimental strabismus. The 
passively deviated eye was covered and the 
other eye viewed the target. With a hand-point- 
ing task, targets were systematically mislocal- 
ized in the direction of the deviated nonviewing 
eye. A 4- to 6-degree error resulted when the 
nonviewing eye was offset 30 degrees from 
straight ahead. When the eye was deviated, the 
perceived ‘‘straight-ahead”’ was also displaced, 
by a similar amount, in the same direction. 
Since the efferent motor commands to the dis- 
placed and to the nondisplaced eyes are pre- 
sumably identical by the law of equal innerva- 
tion, the mislocalization of visual objects must 
be attributed to the change in proprioceptive 
information issued from the nonviewing, devi- 
ated eye. Thus proprioception contributes to 
the localization of objects in space.—Authors’ 
abstract 


“Laboratoire de Contrôles Sensorimoteurs, Départ- 
ement de Psychophysiologie, Unité Associée CNRS 
372, Université de Provence, Avenue Escadrille-Nor- 
mandie Niemen, 13397 Marseille cedex 13, France. 


Transplant of embryonal nervous tissue pre- 
serves the responses of rat retinal ganglion 
cells after section of the optic nerve. Gravina, 
A., Domenici, L., Berardi, N.*, Galli, L., and 
Maffei, L.: Exp. Brain Res. 80:631, 1990. 


RETINAL GANGLION CELLS, NEUROTROPHIC 
FACTORS 


The central nervous system has relatively 
poor regenerative capacity. It has been shown 





Abstracts 587 


that neurotrophic factors or biologic implants 
can increase the survival of central nervous 
system neurons after injury. In anesthetized 
rats, the intraorbital portion of the optic nerve 
was sectioned and a piece was removed so that 
the proximal and distal ends were separated by 
at least 3 mm. In some animals embryonal! 
nervous tissue was transplanted to the nerve 
stump, while other animals constituted the con- 
trol group. In the control animals the pattern 
electroretinogram progressively disappeared. 
In the animals that had received embryonal 
nervous tissue to the nerve stump the pattern 
electroretinogram was protected, both in terms 
of signal amplitude and spatial frequency 
range. Histologic study of the rats also suggest- 
ed that the degenerative process was dimin- 
ished in the animals that had received embryo- 
nal nervous tissue transplants. The function of 
the embryonal nervous tissue is not clear, but it 
may serve as a source of neurotrophic fac- 
tors.—Michael A. Kass 


*Department of General and Environmental Physiol- 
ogy, University of Naples, I-86100 Naples, Italy. 


Nd:YAG laser photodisruption of the vitreous 
traction in avulsed retinal vessel syndrome. 
Tatsui, T.*, Ohara, K., and Shimizu, H.: Oph- 
thalmic Surg. 21:423, 1990. 


AVULSED RETINAL VESSEL, VITREOUS 
HEMORRHAGE, ND:YAG LASER 
PHOTODISRUPTION 


Three patients were examined and each hada 
vitreous hemorrhage caused by an avulsed reti- 
nal vessel from vitreous traction. Nd:YAG laser 
photodisruption was performed to relieve the 
vitreous traction. The laser was focused 1 to 2 
mm anterior to the avulsed vessel. The energy 
settings were initially set at 2 mJ and increased 
to a maximum of 6 mJ to produce visible photo- 
disruption in the vitreous cavity. Photodisrup- 
tion required between 440 and 3,104 pulses. 
Treatment caused a slight vitreous hemorrhage 
but no new retinal breaks. After 24 months, 
none of the patients had a recurrence of the 
vitreous hemorrhage. This technique may be 
useful in selected patients with avulsed vessels, 
especially when the vessels are located in the 
posterior retina.—Michael A. Kass 


*Department of Ophthalmology, Jichi Medical 
School, 3311-1 Yakushiji, Minamikawachi-machi, 
Kawachi-gun, Tochigi-ken 329-04, Japan. 
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The response of the light reflex of retinal 
vessels to reduced blood pressure in hyper- 
tensive patients. Brinchmann-Hansen, O.*, 
Christensen, C. C., and Myhre, K.: Acta Oph- 
thalmol. 68:155, 1990. 


BLOOD PRESSURE, HYPERTENSION, RETINAL 
VASCULAR LIGHT REFLEXES 


Blood pressure was reduced and retinal vas- 
cular light reflexes were studied in ten patients 
with essential hypertension. Fundus photo- 
graphs were analyzed with computerized mi- 
crodensitometry, which allowed objective and 
simultaneous measurements of the caliber of 
the blood columns and the width and intensity 
of the central light reflexes. The eyes were 
photographed before and after a mean blood 
pressure reduction of 11.8 mm Hg systolic and 
7.1 mm Hg diastolic. There were insignificant 
changes in the diameters of the arteries and 
veins and in the widths of the light reflexes 
from the arteries and veins. There was a 38.6% 
mean reduction in the intensity of the reflection 
from the retinal arteries and a 24.2% reduction 
in the intensity of the reflection from the retinal 
veins. Traditionally, increased light reflectivity 
has been associated with arteriosclerosis of the 
vessel wall. This study indicates, however, that 
the vascular reflex is sensitive to changes in 
systemic blood pressure. This implies the need 
for a review of the interpretation and useful- 
ness of classic grading systems of ophthalmo- 
scopic signs of hypertensive retinopathy.—Mi- 
chael A. Kass 


*Department of Ophthalmology, Ullevl University 
Hospital, N-0407, Oslo 4, Norway. 


The macula in the Adamantiades-Behcet syn- 
drome. Palimeris, G., Theodossiadis, G.*, Con- 
stantinidou, B., Chimonidou, E.: J. Fr. Ophtal- 
mol. 12:928, 1990. 


BEHGET’S DISEASE, MACULAR DISEASE 


Behcet’s disease is common in the Far East, 
Middle East, and the Mediterranean area. Many 
patients with Behcet’s disease have decreased 
visual acuity, which is often attributed to optic 
atrophy. To determine the prevalence of macu- 
lar disease, 100 patients with Behcet’s disease 
were examined with slit-lamp biomicroscopy 
and fluorescein angiography. The studies dis- 
closed inflammatory macular lesions in nine 
patients, preretinal membranes in three pa- 


tients, neovascularization of the macula in one 
patient, cystoid macular edema in four patients, 
partial-thickness macular holes in nine pa- 
tients, and a full-thickness hole in one patient. 
Macular disease can be overlooked in Behcet's 
disease because of vitreal haze and concurrent 
optic atrophy.— Michael A. Kass 


*Athens University Eye Clinic, 177, Messoghion St., 
Athens, Greece. 


15-Hydroxyeicosatetraenoic acid stimulates 
migration of human retinal microvessel endo- 
thelium in vitro and neovascularization in 
vivo. Graeber, J. E., Glaser, B. M., Setty, 
B. N. Y., Jerdan, J. A., Walenga, R. W., and 
Stuart, M. J.: Prostaglandins 39:665, 1990. 


NEOVASCULARIZATION, 
15-HYDROXYEICOSATETRAENOIC ACID 


Neovascularization can be destructive in cer- 
tain pathologic states, such as diabetic retinop- 
athy and retinopathy of prematurity. The proc- 
ess of neovascularization includes endothelial 
cell migration, proliferation, and the sprouting 
of capillaries. 15-Hydroxyeicosatetraenoic acid 
is derived from arachidonic acid and is pro- 
duced by vascular endothelium and activated 
leukocytes. In a modified Boyden chamber, 15- 
hydroxyeicosatetraenoic acid stimulated hu- 
man retina] vascular endothelial migration. Ad- 
ditionally, 15-hydroxyeicosatetraenoic acid 
stimulated neovascularization in a rabbit corne- 
al pocket assay in vivo. Concentrations at 
which 15-hydroxyeicosatetraenoic acid stimu- 
lated neovascularization in the rabbit assay 
were within the physiologic range. It is possible 
that 15-hydroxyeicosatetraenoic acid plays a 
role in vasoproliferative disorders.—Michael 
A. Kass 


Treatment of experimental suprachoroidal 
hemorrhage with intravenous tissue plasmin- 
ogen activator. Liu, J. C., Peyman, G. A.*, and 
Oncel, M.: Int. Ophthalmol. 14:267, 1990. 


SUPRACHOROIDAL HEMORRHAGE, TISSUE 
PLASMINOGEN ACTIVATOR 


Suprachoroidal hemorrhages were created in 
15 albino rabbits by injecting 0.1 ml of autolo- 
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gous blood into the suprachoroidal space. One 
day later, ten of the rabbits were treated with 
intravenous tissue plasminogen activator. 
Doses of 1 mg/kg of body weight were given to 
each rabbit by intravenous infusion over a two- 
to three-hour period. Five rabbits served as 
controls. The mean time to clearance of the 
hemorrhage was 14 days for the treated group 
compared with 20.2 days for the untreated 
control group. Intravenous tissue plasminogen 
activator appeared to accelerate the clearance 
of suprachoroidal hemorrhage in this rabbit 
model. Additional studies are required to deter- 
mine whether tissue plasminogen activator is 
useful in the treatment of suprachoroidal hem- 
orrhage in humans.—Michael A. Kass 


*LSU Eye Center, 2020 Gravier St., Ste. B, New 
Orleans, LA 70112. 


invasive meningococcal conjunctivitis. 
Moraga, F. A., Domingo, P., Barquet, N., Gas- 
ser, l., and Gallart, A.: JAMA 264:333, 1990. 


MENINGOCOCCAL MENINGITIS, MENINGOCOCCAL 
CONJUNCTIVITIS 


It has been generally accepted that systemic 
meningococcal infections occur after the spread 
of the organisms from the nasopharynx into the 
blood and then into the cerebrospinal fluid. 
However, a few reports of systemic meningo- 
coccal infections in which the conjunctiva was 
the probable portal of entry for the organism 
exist. Neisseria meningitidis was isolated from 
conjunctival exudates in 21 children between 
30 days and 5 years of age. Of the 21 patients 
with primary meningococcal conjunctivitis, six 
developed systemic meningococcal disease af- 
ter a mean interval of 27.1 hours. These pa- 
tients were initially treated with topical anti- 
biotics. Three to 64 hours after the initial 
diagnosis, they were readmitted to the hospital 
because of systemic meningococcal infection. 
Five patients developed meningococcal septice- 
mia, and one had both meningitis and septice- 
mia. The authors recommend that stains should 
be performed on conjunctival exudates from 
children with acute purulent conjunctivitis. If 
the Gram stain demonstrates gram-negative 
diplococci, the initial therapy should include 
systemic antibiotics as well as topical antibiot- 
ics.—Michael A. Kass 


*Hospital Infantil Vall d’Hebrén, Autonomous Uni- 
versity of Barcelona, Spain. 
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Seroprevalence rates of human immunodefi- 
ciency virus infection at sentinel hospitals in 
the United States. St. Louis, M. E.*, Rauch, 
K.J., Petersen, L.R., Anderson, J.E., 
Schable, C. A., Dondero, T. J., and the Senti- 
nel Hospital Surveillance Group: N. Engl. J. 
Med. 323:213, 1990. 


HUMAN IMMUNODEFICIENCY VIRUS TYPE 1 
INFECTION, HOSPITAL SURVEILLANCE 


To estimate the prevalence of infection with 
human immunodeficiency virus type 1, anony- 
mous testing of blood samples was performed 
in selected urban communities. Between Janu- 
ary 1988 and June 1989, 89,547 blood speci- 
mens were tested at 26 hospitals in 21 cities. 
Both in-patients and out-patients were includ- 
ed, but patients in whom conditions that are 
often associated with HIV type 1 infection were 
diagnosed were excluded from the study. The 
overall prevalence of HIV type 1 antibody was 
1.3% (median, 0.7%; range, 0.1% to 7.8%). In 
most hospitals, HIV type 1 infections were 
highly concentrated among men (median male- 
to-female ratio, 7.0). At the five hospitals with 
the highest rates of infection, however, the 
median male-to-female ratio was 2.9. At the 
two hospitals with the highest prevalences of 
HIV type 1 antibody, 18% to 22% of all men 25 
to 44 years of age were seropositive. The high 
prevalences at some sentinel hospitals indicate 
the need for routine screening for HIV type 1 
infection among some groups of patients, re- 
gardless of clinical manifestation.—Michael A. 
Kass 


*Division of HIV/AIDS, Mailstop G-29, Centers for 
Disease Control, Atlanta, GA 30333. 


A randomized, controlled trial of interferon 
alfa-2b alone and after prednisone withdraw- 
al for the treatment of chronic hepatitis B. 
Perrillo, R. P.*, Schiff, E. R., David, G. L., 
Bodenheimer, H. C., Jr., Lindsay, K., Payne, d., 
Dienstag, J. L., O’Brien, C., Tamburro, C., 
Jacobson, |. M., Sampliner, R., Feit, D., Lefko- 
witch, J., Kuhns, M., Meschievitz, C., Sanghvi, 
B., Albrecht, J., Gibas, A., and the Hepatitis 
Interventional Therapy Group: N. Engl. J. Med. 
323:295, 1990. 


HEPATITIS B, INTERFERON ALFA-2B 


Chronic hepatitis B is a common and often 
progressive liver disease for which there is no 
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accepted therapy. To assess the efficacy of treat- 
ment with interferon, patients with chronic 
hepatitis B were randomly assigned to one of 
the following regimens: prednisone for six 
weeks followed by 5 million units of recombi- 
nant interferon alfa-2b daily for 16 weeks; pla- 
cebo followed by 5 million units of interferon 
daily for 16 weeks; placebo followed by 1 mil- 
lion units of interferon daily for 16 weeks; or 
observation with no treatment. Hepatitis B e 
antigen and hepatitis B viral DNA disappeared 
from serum significantly more often in the pa- 
tients given prednisone and interferon (16 of 44 
patients, or 36%) or 5 million units of interfer- 
on alone (15 of 41 patients, or 37%) than in the 
untreated control subjects (three of 43 patients, 
or 7%). The patients who were given 1 million 
units of interferon had a similar response as the 
control subjects. The strongest predictor of a 
response to treatment was the amount of hepa- 
titis B viral DNA in the serum at entry. Of the 
38 patients who responded to interferon, 33 
(87%) had normal serum aminotransferase lev- 
els after therapy. Eleven patients who respond- 
ed (29%), but no control subjects, had unde- 
tectable levels of hepatitis B surface antigen 
after treatment. Histologic assessment dis- 
closed a significant improvement in periportal 
necrosis in the treated patients. Long-term fol- 
low-up of patients is required to answer a 
number of questions, including the following: 
which patients with hepatitis B should be treat- 
ed?; are the effects of treatment on viral replica- 
tion sustained?; does treatment reduce the rate 
of histologic progression of liver disease?; and 
does treatment reduce the incidence of hepato- 
cellular carcinoma?—Michael A. Kass 


*Veterans Affairs Medical Center (111 JC), 915 N. 
Grand Blvd., St. Louis, MO 63106. 


Can lifestyle changes reverse coronary heart 
disease? The lifestyle heart trial. Ornish, D.*, 
Brown, S. E., Scherwitz, L. W., Billings, J. H., 
Armstrong, W. T., Ports, T. A., McLanahan, 
S. M., Kirkeeide, R. L., Brand, R.J., and 
Gould, K. L.: Lancet 336:129, 1990. 


CORONARY ARTERY DISEASE, LIFESTYLE 
INTERVENTION 


In a prospective, randomised, controlled trial 
to determine whether comprehensive lifestyle 
changes affect coronary atherosclerosis after 1 
year, 28 patients were assigned to an experi- 
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mental group (low-fat vegetarian diet, stopping 
smoking, stress management training, and 
moderate exercise) and 20 to a usual-care con- 
trol group. 195 coronary artery lesions were 
analysed by quantitative coronary angiogra- 
phy. The average percentage diameter stenosis 
regressed from 40.0 (SD 16.9)% to 37.8 (16.5)% 
in the experimental group yet progressed from 
42.7 (15.5)% to 46.1 (18.5)% in the control 
group. When only lesions greater than 50% 
stenosed were analysed, the average percentage 
diameter stenosis regressed from 61.1 (8.8)% to 
55.8 (11.0)% in the experimental group and 
progressed from 61.7 (9.5)% to 64.4 (16.3)% in 
the control group. Overall, 82% of experimen- 
tal-group patients had an average change to- 
wards regression. Comprehensive lifestyle 
changes may be able to bring about regression 
of even severe coronary atherosclerosis after 
only 1 year, without use of lipid-lowering 
drugs.—Authors’ abstract 


*Preventive Medicine Research Institute, 1001 
Bridgeway Box 305, Sausalito, CA 94965. 


Effects of topical timolol (0.5%) and betaxolol 
(0.5%) on corneal sensitivity. Weissman, 
S.S.*, and Asbell, P. A.: Br. J. Ophthalmol. 
74:409, 1990. 


BETA BLOCKERS, CORNEAL ANESTHESIA 


There are conflicting reports about whether 
commercially available topical beta-adrenergic 
antagonists produce corneal anesthesia. In ran- 
dom, double-masked fashion, 18 normal sub- 
jects received 0.5% timolol, 0.5% betaxolol, or 
saline, and then had measurements of corneal 
sensitivity with an electronic optical aesthesi- 
ometer. Most subjects had insignificant chang- 
es in corneal sensitivity with either drug. How- 
ever, a subgroup of four subjects had a marked 
and prolonged decrease in corneal sensitivity 
after timolol or betaxolol. The authors recom- 
mend periodic measurements of corneal sensi- 
tivity in patients receiving topical beta-adren- 
ergic antagonists to identify those individuals 
who may be at risk for developing keratitis. 
More frequent monitoring may be indicated in 
subjects with pre-existing corneal hypesthe- 
sia.—-Michael A. Kass 


*Manhattan Eye, Ear and Throat Hospital, Depart- 
ment of Ophthalmology, 210 E. 64th St., New York, 
NY 10021. 
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Send News Items to 
American Journal of Ophthalmology 
435 N. Michigan Ave., Suite 1415 
Chicago, IL 60611 
The Journal invites readers to submit announcements 
concerning meetings, postgraduate courses, lectures, 
honors, and appointments. Each item must be typed 
double-spaced on bond paper with 1'Z-inch margins. 
Only one news item should be submitted on each page. 
Announcements concerning meetings and courses must 
contain the title, location, dates, sponsors, and address 
required for additional information. Each item must not 
exceed 75 words in length and be prepared in narrative, 
not outline, form. Announcements of meetings and cours- 
es must be received at least four months before the event. 


international Congress: Current Therapy 
and Research in Diabetic Eye Disease 


The International Congress: Current Therapy 
and Research in Diabetic Eye Disease will be 
held Sept. 26-28, 1991, in Nijmegen, The Neth- 
erlands. For further information, write Prof. Dr. 
F. Hendrikse/Yolanda Hennink, Institute of 
Ophthalmology, University of Nijmegen, The 
Netherlands, P.O. Box 9101, 6500 HB Nijme- 
gen; fax 31 80 54 05 22, 


Hong Kong Ophthalmological Society: 
Scientific Meeting 1990 and Fifth Clinical 
Ophthalmological Symposium 


The Hong Kong Ophthalmological Society: 
Scientific Meeting 1990 and Fifth Clinical Oph- 
thalmological Symposium will be held Dec. 1 
and 2, 1990, in Hong Kong. For further infor- 
mation, write Secretariat, Scientific Meeting 
1990, Hong Kong Ophthalmological Society, 
c/o Hong Kong Medical Association, 5/F Duke 
of Windsor Social Service Building, 15 Hennes- 
sy Rd., Hong Kong. 


Emory University School of Medicine: 
Current Concepts of Glaucoma Manage- 
ment Il 


The Emory University School of Medicine: 
Current Concepts of Glaucoma Management II 


r 
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will be held Dec. 14, 1990, in Atlanta, Georgia. 
For further information, write Tommy Wilson, 
Office of Continuing Medical Education, 1440 
Clifton Rd. N.E., Atlanta, GA 30322; telephone 
(404) 727-5695. 


Manhattan Eye, Ear & Throat Hospital: 
Masters of Ophthalmic Plastic Surgery 
Course 


The Manhattan Eye, Ear & Throat Hospital: 
Masters of Ophthalmic Plastic Surgery Course 
will be held March 1 and 2, 1991, in New York 
City. For further information, write Kimberly 
Corbin, Course Coordinator, Department of 
Ophthalmology, Manhattan Eye, Ear & Throat 
Hospital, 210 E. 64th St., New York, NY 10021; 
telephone (212) 605-3761. 


Sacramento Retina Society: 10th Annual 
Squaw Valley Retina Symposium 


The Sacramento Retina Society: 10th Annual 
Squaw Valley Retina Symposium will be held 
Feb. 3-7, 1991, in Olympic Valley, California. 
For further information, write Mercy General 
Hospital, Community Relations, 4001 J” St., 
Sacramento, CA 95819; telephone (916) 454- 
4410. 


University of Miami School of Medicine: 
Uveitis for the Practicing Ophthalmologist 


The University of Miami School of Medicine: 
Uveitis for the Practicing Ophthalmologist will 
be held Jan. 18 and 19, 1991, in Miami, Florida. 
For further information, write University of 
Miami School of Medicine, Bascom Palmer Eye 
Institute, P.O. Box 015869, Miami, FL 33101; 
telephone (305) 326-6099. 


Wills Eye Hospital Annual Conference and 
Joint Meeting with Pennsylvania Academy 
of Ophthalmology 


The 43rd Wills Eye Hospital Annual Confer- 
ence will be held April 11-13, 1991, at the 
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Adam’s Mark Hotel in Philadelphia, Pennsyl- 
vania. For further information, write Jeanne 
Coughlin, Meeting Manager, 1621 Norristown 
Rd., Maple Glen, PA 19002; telephone (215) 
641-9569. 


Histopathology of Human Eye Tissue with 
Retinal Degeneration 


The RP Foundation Fighting Blindness spon- 
sors histopathologic studies of donor eyes from 
patients with retinitis pigmentosa and other 
inherited retinal dystrophies and from obligate 
and suspected carriers of these disorders. De- 
tailed histopathologic reports, including mac- 
rophotography and light and electron micros- 
copy, have been generated on approximately 
100 eyes and are now available to interested 
researchers. These reports document the 
findings on patients from ages 2 to 96 years 
(most over the age of 70) with different genetic 
forms of retinal degeneration at various stages 
of disease. Tissue samples and sections from 
many of these donor retinas are available for 
distribution to qualified investigators. For fur- 
ther information, write Jill C. Hennessey, M.S., 
Coordinator, Retina Donor Program, RP Foun- 
dation Fighting Blindness, 1401 Mt. Royal Ave., 
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Baltimore, MD 21217; telephone (301) 225- 
9400. 


National Collaborative Cystoid Macular 
Edema Study 


The National Collaborative Cystoid Macular 
Edema Study is recruiting patients for a pro- 
spective randomized double-masked study to 
evaluate the efficacy of nonsteroidal antiinflam- 
matories vs carbonic anhydrase inhibitors in 
the treatment of cystoid macular edema. Study 
Centers include the following: Southwest Eye 
Institute, Lawton, OK, (800) 522-1655; Retina 
Associates, Fargo, ND, (800) 228-4157; and 
Robert Allar, Loyola University, Chicago, IL, 
(708) 717-1311. Physicians interested in be- 
coming investigators for the study may write 
Jeffrey S. Rapkin, M.D., Southwest Eye Insti- 
tute, 5404 W. Lee Blvd., Lawton, OK 73505; 
telephone (800) 522-1655. 


Personal 


John W. Chandler 


John W. Chandler was appointed professor 
and head of the Department of Ophthalmology 
at the University of Illinois at Chicago College 
of Medicine. 
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NSAID from Alcon =S 
Surgical: PROFENAL® =E 
(suprofen) 1% Sterile “ae 
Ophthalmic Solution — 
right on target in helping 
sustain pupillary dilation 
during cataract surgery. 


As challenging as cataract surgery 
can sometimes be, why risk less than 
satisfactory intraoperative mydriasis? 
Let the pupillary stabilizing effect of 
PROFENAL assist you in reducing the 
incidence of creeping miosis in your 
surgery. PROFENAL solution is a sure 
way to better your chances for being 
on target with a large pupillary bull's 
eye case after case. 


What it is. 


PROFENAL sterile ophthalmic 
solution from Alcon Surgical is a new 
nonsteroidal anti-inflammatory drug 
(NSAID), suprofen 1%, for short-term 
ophthalmic use. In double-masked, 
multicenter clinical studies involving 
over 400 cataract extractions, 
PROFENAL solution proved to be 
significantly more effective than 
placebo in-inhibiting intraoperative 
miosis. Thus, it is an excellent 
adjunct for surgeons who desire to 
minimize the dangers and frustrations 
of. pupillary constriction during 
cataract surgery. 
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How it works. 


Prostaglandins, which are released 
during intraocular surgery, are 
believed to exert powerful 
constricting action on the iris 
sphincter causing progressive miosis. 
PROFENAL solution is thought to 
maintain intraoperative mydriasis 

by inhibiting the amount of 
prostaglandins liberated into the 
aqueous humor. 


How it benefits you. 


When used adjunctively with cataract 
surgery-related mydriatic and/or 
cycloplegic regimens, topically 
applied PROFENAL ophthalmic 
solution: 


Pupil treated with 
PROFENAL solution 
maintains a wider 
aperture, facilitates 
removal of lens 
material and eases 
IOL insertion. 





uive yours — 


m Helps to sustain é 
larger intraoperativ 
pupil throughout 
the case. 
a Facilitates removal of 
crystalline lens nucleus 
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NSAID cautions, 
contraindications 


The potential exists for Cross 
sensitivity to an acetylsalicylic acid 
and other nonsteroidal anti-inflam- 
matory drugs. Therefore, caution 
should be used when treating 
individuals who have previously 
exhibited sensitivities to these drug 


With nonsteroidal anti-inflammatory 
drugs, the potential exists for 
ncreased bleeding time due to 
interference with thrombocyte 
aggregation. There have been 
reports that ocularly applied 
nonsteroidal anti-inflammatory druc 
may cause increased bleeding 7 
tendency of ocular tissues In 
conjunction with ocular surgery. 


Clinical studies with acetylcholine 
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minutes. 


S omer Uses 
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errors. 
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Immunohistologic Study of Epiretinal Membranes in 


Proliferative Vitreoretinopathy 





Christophe Baudouin, M.D., Daniele Fredj-Reygrobellet, Ph.D., 
William C. Gordon, Ph.D., Francoise Baudouin, M.D., Gholam Peyman, M.D., 
Philippe Lapalus, M.D., Pierre Gastaud, M.D., and Nicolas G. Bazan, M.D. 


We performed an immunohistologic study 
on 11 specimens of epiretinal membranes 
surgically obtained from patients who had 
rhegmatogenous retinal detachment with pro- 
liferative vitreoretinopathy. Immunostain- 
ing procedures were used to identify im- 
munoglobulin and complement deposits, to 
visualize class II antigen expression by prolif- 
erating cells, and to determine eventual infil- 
tration by cells of the immune system. Diffuse 
deposits of IgG, IgA, IgE, Clq, C3c, and C3d 
were found in epiretinal membranes, whereas 
numerous cells, including glial or pigmented 
epithelial cells, expressed HLA-DR and HLA- 
DQ antigens. Some macrophages and B or T8 
lymphocytes were identified. These results 
suggest activation of the immune system dur- 
ing the course of proliferative vitreoretinopa- 
thy. Class II antigen expression could be de- 
pendent upon growth-promoting factors and 
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interferon gamma and could play a crucial 
role in this immune reaction, which resulted 
in immunoglobulin deposition and activation 
of complement. However, the eventual role of 
immune phenomena in the extension of pro- 
liferative processes remains to be determined. 


A.roucH procnosis has been improved by 
recent advances in vitreoretinal surgery, prolif- 
erative vitreoretinopathy remains a major com- 
plication after retinal detachment, accounting 
for significant and definitive visual loss. Mor- 
phologic and immunohistochemical investiga- 
tions have shown that extensive epiretinal 
membrane formation results from migration 
and proliferation of various types of cells, in- 
cluding pigment epithelial cells, fibroblasts, 
glial cells, and macrophages." 

The role of inflammatory and even immuno- 
logic phenomena has been suggested in studies 
of the development of preretinal prolifera- 
tion.“ In a previous immunohistologic study 
performed on biopsy tissue of pars plana from 
patients undergoing surgery for proliferative 
vitreoretinopathy, Baudouin and associates” 
found IgG, IgA, and complement deposits un- 
der the pigment epithelium, as well as an ab- 
normal expression of class II HLA-DR and 
HLA-DQ antigens by pigment and nonpigment 
epithelial cells. We studied surgically obtained 
epiretinal membranes to look for similar immu- 
nologic disturbances in proliferative tissues 
and evaluated the hypothesis that the immune 
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system is implicated in the development of 
intraocular proliferative diseases. 





Material and Methods 





Epiretinal membranes were surgically ex- 
cised from 11 patients, ranging in age from 33 
to 75 years, who had retinal detachment with 
proliferative vitreoretinopathy.” In four eyes, 
unsuccessful retinal surgery, including cryo- 
therapy and scleral buckling, had been previ- 
ously performed. Extensive epiretinal mem- 
branes developed, however, which required 
reintervention with posterior vitrectomy and 
subsequent removal of proliferative tissues. 
Two patients had required cataract surgery with 
intraocular lens implantation, six years and two 
years before retinal detachment. In the other 
five eyes, no surgery had been performed be- 
fore retinal detachment; at first examination 
retina was partially or completely retracted and 
covered by epiretinal membranes. 

Specimens were obtained after closed poster- 
ior vitrectomy, during which the tissue was 
mechanically peeled from the retina with mi- 
croscissors. After immediate fixation in 2% par- 
aformaldehyde, specimens were rinsed in phos- 
phate-buffered saline, placed in embedding 
compound, and frozen in liquid nitrogen. Cryo- 
sections, 4-um thick, were prepared and react- 
ed with 20 different monoclonal or polyclonal 
antibodies according to previously described 
immunofluorescence and immunoperoxidase 
procedures.’ Briefly, fluorescein-conjugated 
antibodies in a 1:50 dilution were layered onto 
sections for 30 minutes and washed in phos- 
phate-buffered saline before examination. For 
indirect immunofluorescence procedures, the 
primary antibody was layered onto slides for 
one hour before washing in phosphate-buffered 
saline, and incubated for 30 minutes with the 
secondary antibody, fluorescein isothiocya- 
nate-labeled antirabbit (for glial fibrillary acid 
protein antiserum) or antimouse immunoglob- 
ulin antiserum (Dakopatts, Copenhagen, Den- 
mark). For immunoperoxidase procedures, 
biotin-conjugated antimouse IgG antibodies 
were used. Avidin-biotin peroxidase complexes 
(Dakopatts) were then reacted for 30 minutes 
before development in aminoethyl carbazole 
hydrogen peroxide solution. As in our previous 
study," controls were performed in each immu- 
nostaining procedure by omission of the pri- 


mary antibodies or by substitution with serum 
from the same species. Sections of each speci- 
men were histologically examined after stain- 
ing with hematoxylin and eosin. 





Results 





Hematoxylin and eosin-stained sections of 
the 11 epiretinal membranes appeared to be 
composed of numerous isolated unpigmented 
cells with small oval nuclei, embedded in large 
amounts of extracellular fibrous tissue. Most of 
these membranes also contained round, lightly 
pigmented cells. Sparse lymphocytes and some 
neutrophils were found in four of the mem- 
branes. Fragments of the internal limiting 
membrane were observed in five specimens. 

Immunofluorescence and immunoperoxidase 
procedures disclosed similar findings in these 
epiretinal membranes. A strong reactivity for 
anti-immunoglobulin antisera, IgG, IgA, and 
IgE, was found in the connective tissue, which 
demonstrated a diffuse homogeneous staining 
(Figure, top left). In most cases, the strongest 
reactivity was seen in the extracellular matrix 
immediately surrounding the cellular elements, 
whereas acellular parts of the tissue were less 
reactive and occasionally stained negatively. 
There was no specific staining in these areas or 
within fragments of the inner limiting mem- 
brane. Similar deposits of IgM were found in- 
consistently (three cases), whereas anti-IgD an- 
tiserum produced negative results. The 11 
epiretinal membranes were also found to con- 
tain large amounts of complement deposits, 
specifically Clq, C3c, and C3d (Figure, top 
right), with similar diffuse distribution. C4 was 
found in only four specimens. 

The epiretinal membranes were made up of 
numerous isolated class Il-expressing cells 
(HLA-DR and HLA-DQ), detected by a strong 
membrane or cytoplasmic reactivity. Most of 
these class II-expressing cells were gliacytes, as 
suggested by anti-glial fibrillary acid protein 
coreactivity. This coreactivity was seen in se- 
quential sections as well as in pigment epi- 
thelial cells, which could be identified by the 
presence of autofluorescent pigment granules 
within the cytoplasm. Both types of cells stained 
brightly positive for anti-HLA-DR and anti- 
HLA-DQ monoclonal antibodies (Figure, bot- 
tom left and bottom right). Other class Il- 
expressing cells with spindle-shaped nuclei 
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Figure (Baudouin and associates). Top left, Frozen section of epiretinal membrane from a patient with 
proliferative vitreoretinopathy showing diffuse deposition of IgA in the connective stroma (arrows). N 3 
counterstained by propidium iodide (x 250). Top right, Bright diffuse immunofluorescence staini1 : 
epiretinal membrane incubated with anti-C3d antibodies (x 250). Bottom left, Epiretinal membrane i1 ited 
with anti-HLA-DR monoclonal antibody, showing numerous class II-expressing cells within the cor tive 
tissue. Some of them, containing autofluorescent granules, can be identified as pigment epithelium—deri ells 
(arrow) (X 400). Bottom right, Similar reactivity of anti-HLA-DQ monoclonal antibody, at ths 
numerous cells within the epiretinal membrane (xX 400). 





were unpigmented and stained negatively for shown to result from a sequence of ilaı 
anti-glial fibrillary acid protein antiserum. events that include migration, adhesio 
These cells were presumed to be fibroblasts. proliferation, followed by membrane fo 
On some specimens, a few monocytes and contraction along both surfaces of the di 
(OKM1-positive), suppressor/cytotoxic T lym- tached retina. The exact nature of the cells 
phocytes (T3 and OKT8-positive), or B lympho- involved in these proliferative phenome 
cytes (B1-positive) could be identified. No help- mains a matter for speculation, but pigment 
er T cells or NK lymphocytes were found. epithelial cells, macrophages, fibrocytes, and 
glial cells are the most common cellular pi 
ee aA nents found in epiretinal membranes ú 
Discussion ment epithelial and glial cells are usua 
| APSA sidered to be the major contribut 
epiretinal membrane formation. They n 
The development of proliferative vitreoreti- through retinal tears or focal breaks in thi ner 


nopathy after retinal detachment has been and outer limiting membranes, underg 
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plastic changes, and produce connective and 
contractile tissue actively. However, the precise 
mechanisms leading to such cell stimulation 
and extensive periretinal proliferation remain 
poorly understood. 

Experimental studies’”’* have emphasized the 
role of inflammatory cells in the development 
of epiretinal membranes. Experimental models 
of proliferative vitreoretinopathy using intra- 
vitreal injection of macrophages” and histolog- 
ic studies on fibroblast-induced epiretinal 
membranes showing macrophages and lym- 
phocytes” have provided evidence that local 
inflammation may contribute to the prolifera- 
tive process. Moreover, assays of cellular im- 
munity performed in patients with retinal de- 
tachment disclosed autoimmune responses to 
retinal or uveal proteins. Abnormal leukocyte 
and lymphocyte counts were usually found in 
patients with chronic retinal detachment’* and 
epiretinal proliferation.? The hypothesis that 
autoimmune phenomena could be involved in 
proliferative vitreoretinopathy has been sug- 
gested by Broekhuyse and associates in an 
experimental model showing cellular autoim- 
munity to three purified retinal antigens: inter- 
photoreceptor retinoid-binding protein, S-anti- 
gen, and opsin. 

Our previous study performed on human 
biopsy specimens of pars plana” and this study 
on epiretinal membranes provide immunohis- 
tologic indications of the possible activation of 
the immune system during proliferative vitreo- 
retinopathy. We had found deposition of large 
amounts of IgG, IgA, and complement compo- 
nents in the uveal tract, as well as an abnormal 
expression of HLA-DR and HLA-DQ antigens 
on pigment and nonpigment epithelial cells of 
pars plana. We have observed similar phenome- 
na within these proliferative tissues at the level 
of growing cells. These pigmented and glial 
cells, as well as cells resembling fibroblasts are 
surrounded by immunoglobulin and comple- 
ment, and strongly express HLA-DR and HLA- 
DQ determinants. 

Class II antigens are membrane-bound glyco- 
proteins encoded by genes of the major histo- 
compatibility complex. They are normally re- 
stricted to cells of the immune system, such as 
macrophages, B lymphocytes, and activated T 
cells, on which they play a major role in the 
initiation of the immune response to an anti- 
gen. However, their deviant expression has 
been observed on various types of epithelial or 
mesenchymal cells that become involved in 
autoimmune diseases,’*”* and it has been sug- 


gested that the aberrant expression of HLA-DR 
by the target cells could play a crucial role in 
the development of autoimmune phenome- 
na,.!920 

In ocular structures, class II expression has 
been studied in different inflammatory and pro- 
liferative diseases. Class II antigens were dem- 
onstrated on retinal pigment epithelial cells in 
retinitis pigmentosa’ and in various types of 
uveitis,” and we have shown in our previous 
reports a deviant expression of these immuno- 
logic markers by uveal pigment epithelial cells 
in proliferative diabetic retinopathy” and pro- 
liferative vitreoretinopathy."’ Endothelial cells 
of newly formed diabetic membranes were also 
found to express class II antigens and were 
surrounded by immunoglobulins and activated 
complement components.” In this study, per- 
formed on another type of proliferative tissue 
involving different pathogenic factors, similar 
results were obtained at the level of growing 
cells. Glial cells and pigment epithelial cells 
predominated and demonstrated strong immu- 
nologic disturbances in various proliferative 
tissues. 

Jerdan and associates” found HLA-DR ex- 
pression by retinal pigment epithelial cells in 
11 proliferative vitreoretinopathy membranes 
removed from patients with retinal detach- 
ment. However, all patients had undergone 
previous vitreoretinal surgery, including cryo- 
therapy, which is known to stimulate retinal 
pigment epithelial cell migration and prolifera- 
tion and has been shown to enhance the devel- 
opment of experimental autoimmune uveoreti- 
nitis in rats.” Our study demonstrated both 
HLA-DR and HLA-DQ expression by glial and 
pigment epithelial cells in four eyes that had 
undergone previous retinal surgery, as well as 
in seven eyes that had not undergone previous 
surgery. We did not find any difference in the 
staining patterns observed in both types of 
patients. Therefore, immunologic phenomena 
might not be related to previous surgically 
induced inflammation but may be a more spe- 
cific response to the proliferative process. 

Even though local immunoglobulin and acti- 
vated complement deposition could be an epi- 
phenomenon resulting from the disruption of 
the blood-retinal barrier, it might be hypothe- 
sized that these deposits are a consequence of 
the activation of the immune system by class 
II-expressing glial cells, pigment epithelial 
cells, or both. Experimental studies have con- 
firmed the prominent role of class II antigens in 
intraocular immune diseases. Class II antigen 


Vol. 110, No. 6 


Epiretinal Membranes in Proliferative Vitreoretinopathy 597 


—eoQygreree eee eee 


expression by retinal pigment epithelial cells 
has been found to be one of the earliest measur- 
able events in the development of experimental 
autoimmune uveoretinitis before any evidence 
of inflammatory phenomena.” Injections of an- 
tibodies raised against class II determinants 
were shown to reduce the development of this 
autoimmune uveitis significantly.” 

The mechanisms leading to the abnormal 
expression of immune determinants during the 
course of the inflammatory or proliferative dis- 
eases remain uncertain, but interferon gamma 
has been demonstrated to be the most potent 
inducer of HLA-DR expression, both in cell 
cultures®*' and in experimental models.” 
Moreover, Johnson and Torres? showed that 
interferon gamma production could be en- 
hanced directly in vivo by various growth fac- 
tors, such as platelet-derived growth factor, 
epidermal growth factor, and fibroblast growth 
factor. Therefore, it can be suggested that the 
liberation of growth factors and mediators after 
tearing injury may induce target cells to prolif- 
erate and, at the same time, express class II 
antigens, which results in an immune response. 

It remains to be determined whether these 
inflammatory phenomena play a role in the 
extension of periretinal membranes, or whether 
they are only an epiphenomenon from retinal 
detachment: Further studies need to be per- 
formed to investigate the eventual consequenc- 
es of an immune reaction during the course of 
intraocular proliferative diseases. 
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Identification of Toxoplasma gondii in Paraffin-Embedded 


Sections by the Polymerase Chain Reaction 





Antoine P. Brézin, M.D., Charles E. Egwuagu, Ph.D., Miguel Burnier, Jr., M.D., 
Claudio Silveira, M.D., Rashid M. Mahdi, B.S., Ricardo T. Gazzinelli, Ph.D., 
Rubens Belfort, Jr., M.D., and Robert B. Nussenblatt, M.D. 


We used the polymerase chain reaction to 
amplify DNA fragments specific to Toxoplas- 
ma gondii. The sensitivity of the technique 
allowed for the detection of as few as ten 
cultured T. gondii tachyzoites. We applied 
the same amplification technique to depar- 
affinized ocular sections from two cases of 
ocular toxoplasmosis. Although toxoplas- 
mic cysts could only be seen in one eye by op- 
tical microscopy, polymerase chain reaction 
allowed the identification of the parasite in 
both cases. Our study indicates the feasibility 
of a sensitive DNA-based assay to comple- 
ment pathologic studies of an ocular parasitic 
disease. 


Ocurar TOXOPLASMOSIS is the most common 
infectious cause of retinal inflammation in non- 
immunocompromised patients.’ Currently the 
diagnosis of ocular toxoplasmosis is only pre- 
sumptive, based mainly on the clinical evalua- 
tion of a lesion in the fundus and positive 
serologic results for Toxoplasma gondii antibod- 
ies.” Pathologic study of the eye is necessary for 
the confirmation of the infection. The charac- 
teristic toxoplasmic lesion consists of a massive 
coagulative necrosis of the retina accompanied 
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by a granulomatous inflammation of the under- 
lying choroid.*’ The viable or necrotic toxoplas- 
mic cysts are found within the retinal lesion in 
nonimmunocompromised patients. In some 
cases of presumed ocular toxoplasmosis, how- 
ever, histopathologic findings show an inflam- 
mation of the uveal tract but no retinal necrosis, 
especially at the chronic stages of the disease. 
In such cases, neither toxoplasmic cysts nor free 
organisms can be observed. 

Before our study of deparaffinized pathologic 
specimens, we verified the sensitivity of the 
method by amplifying DNA from crude lysates 
of T. gondii RH strain tachyzoites. This virulent 
strain, originally obtained from infected human 
tissue, has been maintained in continuous cul- 
ture.*’ Western blot analyses have identified 
several cytoplasmic and membrane antigens of 
T. gondii.” The P30 protein (molecular weight 
30 kDa) is one of the major surface antigens, 
and the molecular characterization of the gene 
encoding this protein has been made for the RH 
strain.’’ Other T. gondii genes have also been 
characterized.“ The B1 gene, identified by 
Boothroyd and associates,” contains an intron 
and does not encode a known protein. Multiple 
copies of this gene have been shown to be 
present in the genome of six different T. gondii 
strains, but absent in all other organisms exam- 
ined and in mammalian cells. To identify the 
parasite selectively, we used the polymerase 
chain reaction” to amplify DNA fragments 
from the B1 and P30 genes of T. gondii.'*"” We 
assessed the usefulness of DNA amplification 
to complement the histopathologic study of 
ocular toxoplasmosis. 





Material and Methods 





Toxoplasma gondii tachyzoites from the RH 
strain were grown in cultured human fibro- 
blasts and washed twice in phosphate-buffered 
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saline. Serial dilutions of the parasite were 
digested in 100 pl of digestion buffer (50 mM 
potassium chloride, 10 mM tris({hydroxy- 
methyl]jaminomethane [pH 8.3], 1 mM ethyl- 
enediaminetetra-acetic acid, 2.5 mM magnesi- 
um chloride, 0.1 mg/ml gelatin, 0.45% 
octylphenol-ethylene oxide condensate, 0.45% 
polyoxyethylene sorbitan monolaurate, pro- 
teinase K [200 pg/ml]) for three hours at 55 C. 
Proteinase K was inactivated, nine minutes at 
95 C. After a three-minute centrifugation at 
14,000 rpm, 10 pl of the supernatant fluid was 
used for DNA amplification. We repeated our 
experiments with human white blood cells 
mixed with T. gondii tachyzoites (1,000:1). 

We obtained three eyes from three individ- 
uals. Two eyes were from patients in whom 
presumed ocular toxoplasmosis was previously 
diagnosed, and the third eye was included as a 
control. The eyes were fixed in buffered forma- 
lin for 72 hours. After gross examination and 
transillumination, the eyes were opened 
through the horizontal plane. The pupil-—optic 
nerve section and one of the calottes were 
embedded in paraffin. For optical microscopy, 
5-um sections were cut from the paraffin blocks 
with a microtome and stained with hematoxylin 
and eosin. 

For polymerase chain reaction, 15-ym sec- 
tions were cut, transferred to a 1.5-ml micro- 
centrifuge tube, deparaffinized by two xylene 
extractions, and washed twice with 100% etha- 
nol to remove the organic solvent.””*! The sam- 
ples were resuspended in 100 pl of digestion 
buffer and processed as described for the cul- 
tured T. gondii tachyzoites. 

Polymerase chain reaction was performed in 
a thermo-cycler. Oligonucleotide primers were 
synthesized and purified on a 20% polyacryl- 
amide gel. For amplifications of the B1 gene 
fragment, the following primers were used: 
B1-1 (sense) “GGA ACT GCA TCC GTT CAT 
GAG” (nucleotides 694 to 714), and B1-2 (anti- 
sense) “TCT TTA AAG CGT TCG TGG TC” 
(nucleotides 887 to 868).’*"* For amplification of 
the P30 gene fragment the primers used were 
the following: P30-1 (sense) “TGT TTC CGA 
AGG CAG TGA GAC” (nucleotides 363 to 383), 
and P30-2 (anti-sense) "CGT CCC GGA ACA 
GTA CTG ATT” (nucleotides 1009 to 989)." 
Each primer pair (50 pmol) was used, with 2.5 
units of AmpliTaq polymerase (Perkin-Elmer 
Cetus) in a total volume of 100 pl (standard 
polymerase chain reaction buffer”). After an 
initial denaturation step of five minutes at 94 C, 
amplification was performed for 40 cycles un- 
der the following conditions: denaturing 1% 


minutes at 94 C, annealing two minutes at 62 C, 
extension two minutes at 72 C, and a final 
extension step of ten minutes at 72 C. 

The amplification reaction (20 wl) was elec- 
trophoresed on a 1.2% agarose gel (1.0% aga- 
rose for P30 fragment). DNA fragments were 
transferred to anylon membrane (Hybond N+, 
Amersham Corporation, Arlington Heights, Il- 
linois) as described by Southern.” The filters 
were fixed according to the manufacturer's rec- 
ommendation for 20 minutes in 0.4 M sodium 
hydroxide. Filters were prehybridized for 30 
minutes at 60 C in 10.0 ml of rapid hybridiza- 
tion solution (Amersham). Oligonucleotide 
probes B1-3 “GGC GAC CAA TCT GCG AAT 
ACA CC” (nucleotides 853 to 831) and P30-3 
CCA CCA GCT ATC TTC TGC TTC” (nucleo- 
tides 697 to 677) were end-labeled with adeno- 
sine 5’-[gamma-”P]triphosphate and 10 units 
of T4-polynucleotide kinase (Bethesda Re- 
search Laboratories, Gaithersburg, Maryland) 
to high specific activity (10° cpm/pg). The ra- 
dioactive probe was added to the prehybridiza- 
tion solution at 5 X 10° cpm and hybridization 
was continued for four hours at 60 C. Filters 
were washed three times for ten minutes at 
room temperature in 2X SSPE (0.3 M sodium 
chloride, 0.02 M sodium phosphate, 0.002 M 
ethylenediaminetetra-acetic acid, pH 8.0), 
0.1% sodium dodecyl] sulfate, followed by a 
high-stringency wash for one minute at 55 C. 
Autoradiography was performed at —70 C with 
two intensifying screens. 





Case Reports 





Case 1 

A 50-year-old man from the rural area of the 
city of Erexim, Rio Grande do Sul, Brazil, had 
severe recurring ocular inflammation of the left 
eye for 23 years. When he first sought medical 
care in February 1989, visual acuity was no 
light perception with intraocular pressure of 40 
mm Hg, and the cornea was edematous. The 
intraocular pressure could not be decreased 
with medical therapy. An enucleation was per- 
formed in September 1989 to remove a painful 
red eye. Results of examination of the right eye 
were unremarkable. Serum IgG titers were pos- 
itive for anti-T. gondii antibodies. 


Case 2 

A 30-year-old man from the same rural area 
had the first episode of ocular inflammation at 
the age of 15 years, and a recurrence at the age 
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of 21 years. The patient first sought medical 
attention at the age of 22 years, during the third 
inflammatory episode involving the right eye. 
Visual acuity was poor light perception. Keratic 
precipitates, posterior synechiae, and a posteri- 
or subcapsular cataract were noted. The vitre- 
ous was hazy, and the retina was not seen. 
Serum IgG titers were positive for anti-T. 
gondii antibodies. Treatment consisted of sulfa- 
methoxazole, trimethoprim sulfate, and topical 
and systemic dexamethasone. Development of 
a total cataract was noted in 1985, and the eye 
was enucleated in August 1989. Examination of 
the left eye disclosed several chorioretinal 
scars, but no intraocular inflammation. Visual 
acuity in the left eye was 20/20. 


Case 3 
A normal eye with no history of ocular dis- 
ease was obtained. 


Results 


Case 1 

Pathologic findings included a mild chronic 
keratitis and angle-closure with rubeosis iridis. 
Multiple chorioretinal scars with an overlying 
gliotic retina were seen. Massive, full-thick- 
ness, coagulative necrosis of the retina was also 
noted. Within the areas of retinal necrosis, 
multiple viable and necrotic toxoplasmic cysts 
were visible. A granulomatous inflammation of 
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the choroid, with epithelioid cells and lympho 
cytes, was noted. 


Case 2 

Pathologic findings consisted of rubeosis iri- 
dis and a nongranulomatous inflammation of 
the iris and ciliary body. The retina was totally 
gliotic and disorganized, with little of the nor- 
mal architecture preserved. The posterior cho- 
roid showed a severe chronic inflammation, and 
a moderate, nongranulomatous scleritis was 
noted. Examination of 70 sections did not dis- 
close any viable or necrotic toxoplasmic cyst. 


Case 3 

The cornea was used for keratoplasty. Histo- 
logic examination of the other ocular structures 
was unremarkable, and no inflammatory dis- 
ease was noted. 


We amplified crude lysates of T. gondii tachy- 
zoites from the RH strain, and our results are 
consistent with the levels of sensitivity report- 
ed by others.” After 40 cycles of amplifica- 
tion, the 647—-base pair DNA fragment of the 
P30 antigen from 100 parasites was visible on 
ethidium bromide-stained agarose gel. As 
shown in Figure 1, Southern analysis detected 
as few as ten parasites. A similar level of sensi- 
tivity was observed when using the B1 gene 
fragment for the amplification. No inhibitory 
effect of human DNA in relation to the amplifi- 
cation of the parasite DNA was noted when 
white blood cells were mixed with T. gondii 
tachyzoites. 


0.1 0.01 O 


Fig. 1 (Brézin and associ- 
ates). Southern analysis of 
the amplified P30 gene frag- 
ment from crude lysates 
of Toxoplasma gondii tachyzo- 
ites. The polymerase chain 
reaction (20%) was electro- 
phoresed in a 1% agarose gel, 
transferred to a nylon mem- 
brane, and hybridized with 
the P30-3 probe. The number 
of organisms used for each 
polymerase chain reaction is 
shown at the top of each lane. 
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No DNA fragment was visible directly on an 
ethidium bromide-stained agarose gel after 40 
cycles of amplification. After Southern analy- 
sis, a positive hybridization signal for the B1 
gene was seen in lanes corresponding to the 
amplified DNA of two sections from Case 1 and 
of one section from Case 2 (Fig. 2). No signal 
was detected for any section after amplification 
of the P30 gene fragment and Southern analy- 
sis. Amplification and hybridization results 
from the control eye were negative. A compari- 
son of the results of optical microscopy and of 
the polymerase chain reaction amplification is 
shown in the Table. 





Discussion 





The observation of the parasite is pathogno- 
monic for the histologic diagnosis of ocular 
toxoplasmosis. Although pathologic examina- 
tion may easily show viable and nonviable 
cysts in acute lesions, cysts are not usually 


TABLE 
COMPARISON OF OPTICAL MICROSCOPY AND DNA 
AMPLIFICATION FOR THE DETECTION OF TOXOPLASMA 
GONDII IN PARAFFIN-EMBEDDED OCULAR SECTIONS 





DETECTION OF 
TOXOPLASMIC CYSTS 
BY LIGHT MICROSCOPY 


AMPLIFICATION OF 
TOXOPLASMA GONDII 
B1 GENE 


Case 1 Yes 2 out of 4 sections 
Case 2 No 1 out of 4 sections 
Control No 0 out of 4 sections 


oO Wake 


Fig. 2 (Brézin and associ- 
ates). Southern analysis of 
the amplified B1 gene frag- 
ment of Toxoplasma gondii 
from deparaffinized sections. 
The polymerase chain reac- 
tion (20%) was electropho- 
resed in a 1.2% agarose gel, 
transferred to a nylon mem- 
brane, and hybridized with 
the B1-3 probe. Case 1, lanes 
2,3, 4, 5; Case 2, lanes 6, 7, 8, 
9; and Case 3, lanes 1, 10, 11, 
Le. 


found in the chronic lesion consisting of chorio- 
retinal scars.’ Any method allowing for the 
identification of T. gondii should be particularly 
useful in these cases. The polymerase chain 
reaction is the most sensitive biologic assay 
available for the detection of a pathogen.” Our 
data show that in cases of ocular toxoplasmosis 
with histopathologically visible cysts, the poly- 
merase chain reaction could confirm the pres- 
ence of T. gondii. Moreover, the polymerase 
chain reaction enabled the detection of parasite 
DNA in a case of presumed ocular toxoplasmo- 
sis, where no cysts could be found by optical 
microscopy. 

In southern Brazil, T. gondii infections are 
prevalent and are responsible for more than 
50% of all cases of uveitis.” Although initial 
serologic findings were not obtained in the 
cases we have studied, there is evidence that 
many cases of presumed ocular toxoplasmosis 
in southern Brazil are related to an acquired 
toxoplasmic infection, supported by anti-Toxo- 
plasma IgM antibodies in many patients.” In 
these atypical cases polymerase chain reaction 
can be used as a highly specific and sensitive 
assay to confirm T. gondii in pathologic speci- 
mens. 

Of the B1 and the P30 gene fragments used as 
targets for the amplification of deparaffinized 
sections, B1 was the only fragment to yield 
positive results. Our inability to amplify the 
647-base pair P30 gene fragment in the cases 
we studied may be caused by strain-specific 
sequences of this single copy gene,” since 
marked antigenic variations among T. gondii 
strains have been demonstrated by Western 
analyses.” Conversely, consistent amplifica- 
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tions of the B1 gene in six different T. gondii 
strains have been demonstrated,'* and 25 to 50 
copies of the B1 gene have been shown in the 
genome of T. gondii. When using such a short 
(194—base pair) DNA fragment that is reiterated 
many times in the genome as B1 for polymerase 
chain reaction, partial degradation of the DNA 
recovered from the deparaffinized sections still 
allows the amplification of the target. Amplifi- 
cation of a single specific DNA fragment of T. 
gondii is sufficient to affirm the presence of the 
organism. 

Except in immunocompromised patients,” 
the viable cysts are found by histopathologic 
examination to be almost exclusively in the area 
of retinal lesions. In the cases we assessed, 
amplification of the B1 gene fragment was ob- 
tained only in some sections. The absence of 
amplified products in other sections may reflect 
the absence or the degradation of the patho- 
gen’s DNA in the area studied. Testing several 
sections from each case may therefore be neces- 
sary for the diagnosis of ocular toxoplasmosis 
by polymerase chain reaction. 

Our results show that the polymerase chain 
reaction and the histopathologic study of ocular 
sections complement one another in the diag- 
nosis of ocular toxoplasmosis. Microscopic ob- 
servation does not offer the specific genetic 
identification of a pathogen. When a significant 
number of 5-um sections are analyzed without 
visualizing the parasite, the polymerase chain 
reaction offers the possibility of screening an 
added number of sections. Therefore a larger 
area of the ocular tissues can be assessed in the 
search for a specific pathogen. 

As more specimens, both new and archival, 
are analyzed by using this technique, we hope 
to amplify and further study other DNA frag- 
ments of the parasite. Future molecular charac- 
terization of strain-specific sequences in the 
genome of T. gondii will allow comparisons 
between different samples and might provide 
new insights into the natural course and the 
epidemiologic characteristics of ocular toxo- 
plasmosis. 
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OPHTHALMIC MINIATURE 
That remarkable two-toned gaze came up to meet mine and I found 
myself trying to decide which eye color ] preferred. The green was more 
unusual, but the blue was clear and stark. The two together presented a 
contradiction, like the signal at a street corner, flashing Walk and Don’t 


Walk simultaneously. 


Sue Grafton, “D” ts for Deadbeat 


New York, Bantam Books, 1987, p. 43 


Parental Age in Sporadic Hereditary Retinoblastoma 


Daan J. DerKinderen, M.D., Jan Willem Koten, M.D., Karel E. W. P. Tan, M.D., 
Frits A. Beemer, M.D., L. K. J. Van Romunde, Ph.D., and Willem Den Otter, Ph.D. 


Of 104 children with sporadic hereditary 
retinoblastoma born between 1945 and 1970, 
we studied the age of their parents at the birth 
and compared this age with the mean age of 
parents at the birth of their children during 
the same period in The Netherlands. The 
mean age of fathers at the birth of their chil- 
dren with sporadic hereditary retinoblastoma 
(33.7 years) was significantly higher than the 
mean age of fathers at the birth of their chil- 
dren in the general population (32.5 years) (P 
< .05, one sided). Similarly, the mean age of 
mothers at the birth of their children with 
sporadic hereditary retinoblastoma (31.2 
years) was significantly higher than the mean 
age of mothers at the birth of their children in 
the general population (29.5 years) (P < .05, 
one sided). We further analyzed this parental 
age factor by measuring the relative risk of age 
groups and comparing the incidence of spo- 
radic hereditary retinoblastoma in the various 
parental age groups with the incidence of 
sporadic hereditary retinoblastoma in the to- 
tal population. Mothers 35 years of age or 
older had a relative risk of 1.7 to have a child 
with sporadic hereditary retinoblastoma com- 
pared with mothers in the population in gen- 
eral (P = .006, one sided). Similarly, fathers 50 
years of age or older had a relative risk of 5.0 to 
have a child with sporadic hereditary retino- 
blastoma compared with fathers in the popu- 
lation in general (P = .04, one sided). No 
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parental age effect was found in children with 
nonhereditary retinoblastoma. We conclude 
that a high paternal and a high maternal age 
are significant risk factors for sporadic heredi- 
tary retinoblastoma. 


Parentat ace is related to hereditary disor- 
ders, such as Down’s syndrome and achondro- 
plasia, because the number of new mutations in 
germinal cells increases with age.! In sporadic 
hereditary retinoblastoma such an association 
may also exist. This would imply that a new 
retinoblastoma mutation may occur more fre- 
quently in germinal cells of mothers and fathers 
who are older than the mean parental age. This 
leads to the prediction that sporadic hereditary 
retinoblastoma is of paternal origin in roughly 
half of the cases and of maternal origin in 
roughly half of the cases. Surprisingly, howev- 
er, new data suggest that in retinoblastoma new 
germ-line mutations are usually of paternal 
origin.®® 

Since the impact of parental age and the 
paternal and maternal origin of sporadic hered- 
itary retinoblastoma is still controversial, we 
studied the parental age of children with hered- 
itary retinoblastoma without a family history of 
this disease in The Netherlands. A central reg- 
istration of all patients with retinoblastoma 
exists in The Netherlands. This registry in- 
cludes patients dating from 1862 to the present, 
which offers a unique tool to study epidemio- 
logic questions regarding retinoblastoma. 


Patients and Methods 


In The Netherlands, the treatment of retino- 
blastoma is concentrated in the Department of 
Ophthalmology of the Academisch Ziekenhuis 
Utrecht. Since 1862, retinoblastoma cases have 
been recorded in the national retinoblastoma 
registry of The Netherlands’ General Associa- 
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tion for Prevention of Blindness.’ This registry 
can be regarded as virtually complete for pa- 
tients born in 1945 to the present. 

A sporadic retinoblastoma is defined in a 
patient without a family history of the disease. 
These sporadic retinoblastomas were classified 
as sporadic hereditary retinoblastoma when the 
patient was bilaterally affected or when a pa- 
tient with unilateral retinoblastoma without 
family history later had another patient with 
retinoblastoma in the family. Sporadic retino- 
blastoma was classified as sporadic nonheredi- 
tary retinoblastoma when there was no family 
history, only unilateral retinoblastoma, and no 
occurrence of a relative in whom retinoblasto- 
ma was subsequently diagnosed. Some patients 
with sporadic unilateral retinoblastoma may be 
classified incorrectly as nonhereditary, since 
approximately 10% of patients with hereditary 
retinoblastoma are affected unilaterally. 

The records of 361 patients with sporadic 
retinoblastoma between 1945 and 1970 were 
studied, Of these, 104 patients were classified 
as having sporadic hereditary retinoblastoma 
and 257 patients were classified as having spo- 
radic nonhereditary retinoblastoma. In the 104 
patients with sporadic hereditary retinoblasto- 
ma, the parental age at the birth of the child was 
available in all but one case. In the 257 patients 
with sporadic nonhereditary retinoblastoma, 
the age of the father was recorded in 234 cases 
and the age of the mother in 227 cases. 

We compared the incidence of children with 
sporadic hereditary retinoblastoma in parental 
age periods of 5 years with the incidence of 
sporadic hereditary retinoblastoma in the total 
population between 1945 and 1970. The paren- 
tal age periods at the birth of a child were 20 
years of age or younger, 20 to 24, 25 to 29, 30 to 
34, 35 to 39, 40 to 44, 45 to 49, and 50 years of 
age or older. The number of children with 
sporadic hereditary retinoblastoma for each pa- 
rental age period was obtained from the Dutch 
retinoblastoma registry. The total number of 
parents in the total population and the number 
of parents in each parental age group were 
obtained from the Central Office of Statistics in 
The Hague. From these data we calculated the 
relative risk for parents (fathers and mothers) in 
various age groups to have a child with sporadic 
hereditary retinoblastoma. 

The total incidence of retinoblastoma, the 
incidence of nonhereditary retinoblastoma, and 
the incidence of hereditary retinoblastoma 
were determined by comparing the number of 
these patients with the number of live births 
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TABLE 1 
AGE COMPARISON OF PARENTS AT BIRTH OF 
CHILDREN WITH NONHEREDITARY AND SPORADIC 
HEREDITARY RETINOBLASTOMA, AND PARENTS AT 
BIRTH OF CHILDREN IN THE GENERAL POPULATION 
(1945-1970) 


MEAN PATERNAL MEAN MATERNAL 


NO. AGE (YRS) NO. AGE {YRS} 
Sporadic hereditary 103 33.7% 103 31.21 
retinoblastoma 
Nonhereditary 234 32.7 227 29.8 
retinoblastoma 
General population — 32.5 — 29.5 


*33.7 is significantly different from 32.5 (P < .05, Student’s 
t-test, one sided). 

131.2 is significantly different from 29.8 (P = .013, Wilcoxon 
rank-sum test, two sided); 31.2 is significantly different from 
29.5 (P < .05, Student’s t-test, one sided) 


per year, obtained from the Central Office of 
Statistics in The Hague (Table 1). The fluctua- 
tions in the observed yearly incidence were 
analyzed with linear regression of the square 
root of the yearly incidence figures, because of 
variance stabilization. Registered cases with 
spontaneous tumor growth arrest were ex- 
cluded. 

The significance of differences between the 
ages of parents of children with sporadic hered- 
itary retinoblastoma and the ages of parents in 
the general population was tested with the 
Student’s t-test. The significance of the differ- 
ence between the age of parents of children 
with sporadic hereditary retinoblastoma and 
the age of parents of children with sporadic 
nonhereditary retinoblastoma was tested with 
the Wilcoxon’s rank-sum test. 


Results 


The mean paternal age of children with spo- 
radic hereditary retinoblastoma was 33.7 years, 
whereas the mean paternal age of the general 
population was 32.5 years (Table 1). Fathers of 
children with sporadic hereditary retinoblasto- 
ma are significantly older than fathers in the 
general population (P < .05, one sided). The 
mean maternal age of children with sporadic 
hereditary retinoblastoma was 31.2 years, 
whereas the mean maternal] age in the general 
population was 29.5 years. Mothers of children 
with sporadic hereditary retinoblastoma are 
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TABLE 2 
OBSERVED INCIDENCE OF RETINOBLASTOMA IN THE NETHERLANDS (1945-1970) 


NO. OF AFFECTED PATIENTS 


UNILATERAL 
Nonhereditary retinoblastoma 310 
Hereditary retinoblastoma 
Noncontributory family history 5 
Contributory family history 8 


significantly older than mothers in the general 
population (P < .05, one sided). Mothers of 
children with sporadic hereditary retinoblasto- 
ma have a mean age of 31.2 years, whereas 
mothers of children with nonhereditary retino- 
blastoma have a mean age of only 29.8 years. 
This age difference is significant (P = .013, two 
sided). Fathers of children with sporadic hered- 
itary retinoblastoma seemed older than fathers 
of children with nonhereditary retinoblastoma 
(mean age, 33.7 and 32.7 years, respectively), 
but this difference was not significant. These 
data show that parents of children with sporad- 
ic hereditary retinoblastoma are significantly 
older than parents of the general population. 
For each paternal and maternal age, the rela- 
tive risk to have a child with sporadic heredi- 
tary retinoblastoma was determined. In the 
parental age group of 20 to 24 years the relative 
risk was reduced, 0.4 (four children) and 0.6 (14 
children) for fathers and mothers, respectively. 
| The relative risk of parents of 25 to 34 years of 
age was 1.0, both for fathers and for mothers. 
Ing After the age of 34 years, the relative risk 
increased. This is clear when cutoff values for 
maternal age of 35 years and paternal age of 50 
years are chosen. In the maternal age group of 
35 years of age and older there were 34 children 
with sporadic hereditary retinoblastoma, and in 
the paternal age group of 50 years of age and 
older there were five children with sporadic 
hereditary retinoblastoma. Mothers of 35 years 
of age and older were 1.7 times more likely to 
have a child with sporadic hereditary retino- 
blastoma than all mothers in the general popu- 
lation (P = .006, one sided). Similarly, fathers 
of 50 years of age and older had 5.0 times more 
children with sporadic hereditary retinoblasto- 
ma than fathers in the general population (P = 
.04, one sided). 
The observed incidence of hereditary and 
nonhereditary retinoblastoma in The Nether- 
k lands between 1945 and 1970 is shown in Table 
2. The mean incidence of retinoblastoma in The 


PERCENTAGE INCIDENCE PER 

BILATERAL (NO. = 486) 100,000 BIRTHS 
0 63.8 3.9 
115 24.7 1:5 
48 11.5 0.7 


Netherlands between 1945 and 1970 is 6.1 per 
100,000 births. The yearly total incidence of 
retinoblastoma in The Netherlands between 
1945 and 1979 is shown in Figure 1. The yearly 
observed incidence of hereditary retinoblasto- 
ma with a noncontributory family history in 
The Netherlands is depicted in Figure 2. The 
dotted regression line suggests that the inci- 
dence of sporadic hereditary retinoblastoma 
per 100,000 births decreased between 1945 and 
1979 as the regression line differs from the 
horizontal (P = .028, one sided). The mean 
parental age decreased in the same period by 
3.2 years (information of the Central Office of 
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Fig. 1 (DerKinderen and associates). Yearly ob- 
served total incidence of retinoblastoma in The Neth- 
erlands between 1945 and 1979. The dotted regres- 
sion line is not significantly different from the 
horizontal. 
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Fig. 2 (DerKinderen and associates). Yearly ob- 
served incidence of hereditary retinoblastoma with a 
noncontributory family history in The Netherlands 
between 1945 and 1979. The dotted regression line 
differs from the horizontal (P = .028, one sided). 


Statistics). Thus, both the incidence of sporadic 
hereditary retinoblastoma and the mean paren- 
tal age decreased between 1945 and 1979. 


Discussion 


The mean age of parents at the birth of their 
children with sporadic hereditary retinoblasto- 
ma is significantly higher than the mean age of 
parents at the birth of their children in the 
general population. These differences are more 
obvious if the incidence of children with spo- 
radic hereditary retinoblastoma of older par- 
ents is considered. We found that the relative 
risk to have a child with sporadic hereditary 
retinoblastoma for mothers of 35 years of age 
and older was 1.7 and for fathers of 50 years of 
age and older was even 5.0 times higher than in 
the general population (P = .04, one sided). 
Obviously, if older parents have more children 
with sporadic hereditary retinoblastoma then 
in the younger parental age groups, the number 
of affected offspring is less. This was indeed 
observed; in the parental age group of 20 to 40 
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years the relative risk was reduced to 0.4 and 
0.6 for fathers and mothers, respectively. These 


. results indicate that older parental age is asso- 


ciated with an increased risk of offspring affect- 
ed with sporadic hereditary retinoblastoma 
caused by the increased mutant frequency in 
germinal cells of older parents. The effect of the 
increased mutant frequency in the germinal 
cells in females is limited by menopause, but 
men can have offspring at an advanced age 
when the mutant frequency still increases. The 
age effect on loss of seminal quality is well 
established. 

We found a gradual decrease of 3.2 years of 
the mean parental age in The Netherlands and a 
parallel decrease of the incidence of sporadic 
hereditary retinoblastoma over the same period 
between 1945 and 1979 (Fig. 2). This further 
corroborates the association of advanced pa- 
rental age and the increased risk of affected 
offspring with hereditary retinoblastoma. 
_ There is some controversy over whether the 
sporadic hereditary retinoblastoma gene is pri- 

marily inherited from the father or from the 
mother.>® According to our observations, a pa- 
ternal transmission will occur in populations in 
which older men frequently marry much 
younger women. However, an increasing ma- 
ternal contribution is to be expected when 
women defer maternity to 35 years of age or 
older. These views also explain the contradicto- 
ry findings regarding the age effect in sporadic 
hereditary retinoblastoma in previous studies. 
Pellié and associates? and Matsunaga’ found 
that the mean age of fathers of children with 
sporadic hereditary retinoblastoma was signifi- 
cantly higher than in the general population. 
Fraser and Friedman” and Tünte” found an 
increased paternal and maternal age, whereas 
Fall and Neel” and Macklin” did not detect any 
parental age effect. In addition to retinoblasto- 
ma, in two other developmental tumor diseases 
of the nervous system, neurofibromatosis and 
tuberous sclerosis, a slight parental age effect 
was also observed. 


References 


1. Jones, K. L., Smith, D. W., Harvey, M. A.S, 
Hall, B. D., and Quan, L.: Older paternal age and 
fresh gene mutation. Data on additional disorders. J. 
Pediatr. 86:84, 1975. 

2. Penrose, L. 5.: Parental age and mutation. Lan- 
cet 2:312, 1955: 


Vol. 110, No. 6 





9: : Parental age in achondroplasia and 
mongolism. Am. J. Hum. Genet. 9:167, 1967. 

4. Vogel, F.: Genetics of retinoblastoma. Hum. 
Genet, 52:1, 1979. 

5. Drya, P. T., Mukai, S., Peterson, R., Rapaport, 
J. M, Walton, D., and Yandell, D. W.: Parental origin 
of mutations of the retinoblastoma gene. Nature 
339:556, 1989. 

6. Zhu, X., Dunn, J. M., Phillips, R. A., Goddard, 
A. D., Paton, K. E., Becker, A., and Gallie, B. L.: 
Preferential germline mutation of the parental allele 
in retinoblastoma. Nature 340:312, 1989, 

7. Schappert-Kimmijser, J.. Hemmes, G. D., and 
Nijland, R.: The heredity of retinoblastoma. Oph- 
thalmologica 151:197, 1966. 


Parental Age in Retinoblastoma 


609 


8. Pellié, C., Briard, M.-L., Feingold, J., and Frézal, 
J: Parental age in retinoblastoma. Hum. Genet. 
20:59, 1973. 

9. Matsunaga, E.: Parental age and sporadic 
retinoblastoma. Ann. Rep. Natl. Inst. Genet. 16:121, 
1965. 

10. Fraser, G. R., and Friedmann, A. 1L: The Caus- 
es of Blindness in Childhood. Baltimore, Johns Hop- 
kins Press, 1967, pp. 35-49. 

11. Tante, W.: Human mutations and paternal age. 
Hum. Genet. 16:77, 1972. 

12. Fall, H. F., and Neel, J. V.: Genetics of retino- 
blastoma. Arch. Ophthalmol. 46:367, 1951. 

13. Macklin, M. T.: A study of retinoblastoma in 
Ohio. Am. J. Hum. Genet. 12:1, 1960. 


OPHTHALMIC MINIATURE 
What was Maria doing at Cornish’s funeral? It was her eyes that startled you 
when you looked at her, because you could see some of the white below the 
iris, as well as above, and when she blinked—~which she did not seem to do 
as often as most people—the lower lid moved upward as the upper lid 
moved down, and that is something you rarely see. Her eyes, fixed in what 
may have been devotion, startled me now. 


Robertson Davies, The Rebel Angels 
New York, Penguin Books, 1981, p. 17 


Epiretinal Membrane Contracture Associated With 


Macular Prolapse 


Marco A. Zarbin, M.D., Ronald G. Michels, M.D., and W. Richard Green, M.D. 


We treated two patients with annular epiret- 
inal membranes that produced unusual macu- 
lar morphologic characteristics. Contracture 
of the membranes caused herniation of macu- 
lar tissue through a hole in the center of the 
membrane. The membranes were removed 
surgically, and ultrastructural analysis dis- 
closed cells with properties resembling myo- 
fibroblasts and apparent new vitreous colla- 
gen. Contracture of the cellular components 
probably produced tangential traction on the 
retina, which caused prolapse of the retinal 
tissue through a central defect in the mem- 
brane. 


(CELLULAR PROLIFERATION with membrane for- 
mation on the inner retinal surface (epiretinal 
membrane) occurs in a number of conditions, 
including the following: proliferative and non- 
proliferative retinal vascular diseases; ocular 
inflammatory diseases; after vitreous hemor- 
rhage; after retinal break formation, rhegma- 
togenous retinal detachment, or both; after 
retinal cryotherapy, diathermy, or photocoagu- 
Jation; after trauma or anterior segment sur- 
gery; and as an idiopathic condition.” 
Ultrastructural studies of epiretinal mem- 
branes indicate that retinal pigment epithelial 
cells, macrophages, fibrocytes, fibrous astro- 
cytes, and cells resembling myofibroblasts may 
be present in various combinations.4%%14% 
Some of these cells also appear to produce new 
collagen, and they may exhibit intracytoplas- 
mic microfilaments and specialized cell-to-cell 
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or cell-to-stroma adhesions that permit con- 
traction and transmural transmission of con- 
tractile force. 

When epiretinal membranes are removed 
surgically, the usual cleavage plane is between 
the internal limiting membrane and the nerve 
fiber layer of the retina, which suggests that 
these membranes are tightly adherent to the 
internal limiting membrane. The biologic fea- 
tures of epiretinal membranes account for their 
clinical appearance. Thus, the presence of reti- 
nal pigment epithelial cells or pigmented mac- 
rophages may result in pigmented membranes 
in some eyes. Through attachment to the 
underlying internal limiting membrane, con- 
tractile cells can cause tangential traction on 
the retina with distortion of the retina and 
other abnormalities, including low traction de- 
tachment, vascular leakage with intraretinal 
edema, and obstruction of axoplasmic flow. The 
tangential traction can also cause retinal striae 
peripheral to the membrane giving a pleated or 
starburst appearance.” Centripetal contraction 
of perifoveal epiretinal membranes can create 
the appearance of a macular hole.” We studied 
the clinical and ultrastructural features of two 
cases with anterior prolapse of macular tissue 
through a hole in the center of an epiretinal 
membrane. Removal of the membranes resulted 
in partial visual improvement. 


Material and Methods 


The epiretinal membranes were separated 
from the retina by using previously described 
vitreous surgery techniques.®? The membranes 
were removed from the eye with forceps and 
placed in a mixture of 1% glutaraldehyde and 
4% formaldehyde. The vitrectomy aspirate 
from the second patient was concentrated by 
filtration through a permeable membrane filter 
and stained for light microscopy using a modi- 
fied Papanicolaou technique.” 

The tissue specimens for transmission elec- 
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Fig. 1 (Zarbin, Michels, and Green). Case 1. Macu- 
lar prolapse through the center of an epiretinal mem- 
brane in a 12-year-old boy. There is prominent vas- 
cular distortion and wrinkling of the internal limiting 
membrane in a stellate pattern radiating from the 
perimeter of the white epiretinal tissue. Visual acuity 
was 20/300. 


tron microscopy were transferred from the glu- 
taraldehyde-formaldehyde solution to a 2.5% 
glutaraldehyde solution. After two hours they 
were postfixed with 2% phosphate-buffered os- 
mium tetroxide. After standard dehydration, 
the specimens were embedded in epoxy resin. 
Semithin sections (1.0 wm) were cut and 
stained with p-phenylenediamine. Ultrathin 





Fig. 3 (Zarbin, Michels, and Green). Case 1. Recur- 
rence of the epiretinal membrane. Macular tissue has 
prolapsed through the center of the triangular epiret- 
inal membrane. There is vascular distortion and mild 
internal limiting membrane wrinkling. 
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Fig. 2 (Zarbin, Michels, and Green). Case 1. Ap- 
pearance of the macula two days after pars plana 
vitrectomy and epiretinal membrane removal. There 
is persistent prolapse of the macula, and focal areas 
of hemorrhage are noted nasal to the area of pro- 
lapse. White remnants of the epiretinal membrane 
remain in areas where the tissue was firmly adherent 
to the underlying retina. 


sections were doubly stained with uranyl ace- 
tate and lead citrate for transmission electron 
microscopy. 





Fig. 4 (Zarbin, Michels, and Green). Case 1. Ap- 
pearance of the macula 27 days after repeat pars 
plana vitrectomy and epiretinal membrane peeling 
The center of the macula no longer has a prolapsed 
appearance. There is less vascular distortion and no 
significant wrinkling of the internal limiting mem- 
brane compared to Figure 1. Note the increased 
pigmentation of the pigment epithelium in the macu 
lar area. 
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Fig. 5 (Zarbin, Michels, and Green). Case 2. Left, Appearance of the macula in a 60-year-old woman with an 
epiretinal membrane and pseudomacular hole in the right eye. Visual acuity was 20/20 —2. Right, Higher 
magnification demonstrating folding of the retina (arrowhead) caused by the overlying epiretinal membrane. 
The pseudomacular hole is approximately 0.17 disk diameter in size. 


Case Reports 


Case 1 
A 12-year-old boy was first examined at the 
Wilmer Eye Institute at 7 years of age because of 


Fig. 6 (Zarbin, Michels, and Green). Case 2. Ap- 
pearance of the macula six months later. There is 
increased distortion of the retinal vessels compared 
to Figure 5, and macular tissue has prolapsed 
through the center of the epiretinal membrane. 





an epiretinal membrane in the macular area of 
the left eye. Initial visual acuity was 20/100. 
Results of examination of the right eye were 
normal. At 12 years of age, visual acuity had 
decreased to 20/300 in the left eye. The pupils 
reacted normally, and no afferent pupillary 





Fig. 7 (Zarbin, Michels, and Green). Case 2. Ap- 
pearance of the macula ten weeks after pars plana 
vitrectomy and epiretinal membrane peeling. The 
macula appears almost normal. 
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Fig. 8 (Zarbin, Michels, and Green). Case 1. Transmission electron micrograph of the recurrent epiretinal 
membrane. The cell contains rough endoplasmic reticulum, numerous subplasmalemmal aggregates composed 
of 5- to 6-nm microfilaments with fusiform densities (circle), and is embedded in a collagen meshwork (x20,000). 
Inset, Higher magnification of area shown in the circle showing the details of subplasmalemmal aggregates of 
microfilaments (X 60,000). 


defect was noted. Results of examination of the 
anterior segment were normal, and the lens was 
clear. An epiretinal membrane with an annular 
configuration was present in the posterior pole 
with herniation of macular tissue through the 
hole in the center of the membrane (Fig. 1). 

A pars plana vitrectomy and removal of the 
epiretinal membrane were performed. There 
was no previously existing posterior vitreous 
detachment. The temporal edge of the mem- 
brane was engaged with a vitreoretinal pick, 
separated from the center of the macula, and 
folded inferonasally. The inferonasal attach- 
ment could not be freed with moderate traction, 
and the tissue was amputated with the vitrec- 
tomy probe. The postoperative configuration of 
the macula showed a collar-button shape 
caused by the previous anterior prolapse of the 
center of the macula (Fig. 2). 

Two months postoperatively, best-corrected 
visual acuity was 20/80, and the macula had a 


flatter appearance. Four months postopera- 
tively there was prominent recurrence of epiret- 
inal tissue growth with a triangle shape (Fig. 3). 
A second pars plana vitrectomy was performed 
at that time to remove the recurrent epiretina! 
membrane. The membrane surrounded the cen- 
ter of the macula and was associated with 
recurrence of the macular prolapse. The tissue 
was separated from the retina with a vitreoreti- 
nal pick, and the membrane was removed from 
the eye as a loose ring. 

Postoperatively, visual acuity improved to 
20/80, and the macular area appeared normal, 
except for some increased pigmentation that 
had been present initially. Three years later, 
visual acuity was 20/200, but there was no 
recurrence of the epiretinal membrane (Fig. 4). 


Case 2 
When first examined, a 60-year-old woman 
had visual acuity of R.E.: 20/20- and L.E.: 
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20/20+. A thin epiretinal membrane in the 
right eye gave the appearance of a pseudo- 
macular hole (Fig. 5). Results of examination of 
the left eye were normal. During the next six 
months, visual acuity decreased to 20/100 +2 
in the right eye. Both pupils reacted normally, 
and no afferent pupillary defect was noted. 
Results of examination of the anterior chamber 
were normal, and the right lens was clear. 
There was a posterior vitreous detachment in 
the right eye. 

Progressive growth and contracture of the 
epiretinal membrane had caused anterior pro- 
lapse of the center of the macula through the 
hole in the center of the membrane (Fig. 6). A 
pars plana vitrectomy and removal of the epi- 
retinal membrane were performed. The mem- 
brane had an annular configuration surround- 
ing the center of the macula. It was removed as 
a single-tissue ring and submitted for laborato- 
ry study. 

Ten weeks postoperatively, visual acuity in 
the right eye improved to 20/60 +1. The center 
of the right macula appeared virtually normal. 


Fig. 9 (Zarbin, Michels, and Green). Case 
2. Electron micrograph of an epiretinal 
membrane associated with macular pro- 
lapse. The specimen contains internal limit- 
ing membrane (arrow), collagen (asterisk), 
and various cell types (X 31,000). 


Later a nuclear sclerotic cataract reduced vi- 
sion, but there was no recurrence of the epi- 
retinal membrane, including examination 24 
months postoperatively (Fig. 7). 


Results 


Case 1 

Transmission electron microscopy disclosed 
that the epiretinal membrane primarily consist- 
ed of fibrocytes characterized by a fusiform 
shape, lack of polarity, absence of basement 
membrane, numerous cisternae of rough endo- 
plasmic reticulum, and several membrane- 
bound granules of varying electron density 
(Fig. 8). Some cells exhibited myofibroblastic 
differentiation with irregularly shaped nuclei 
and subplasmalemmal aggregates composed of 
5- to 6-nm microfilaments with fusiform densi- 
ties. A macrophage was present, as were seg- 
ments of internal limiting membrane (1.0- to 
2.0-um thick). Moderate amounts of collagen 
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composed of fibrils of 10- and 46-nm diameter 
were also noted. 


Case 2 

Millipore filter preparations disclosed occa- 
sional vitreous condensates, a few erythrocytes 
and erythrocytic debris, and fibrocellular mem- 
brane fragments. 

Transmission electron microscopy disclosed 
a large segment of internal limiting membrane 
and a fibrocellular membrane of varying thick- 
ness (Fig. 9). Occasional spindle-shaped cells 
without basement membrane had large nuclei 
and abundant rough endoplasmic reticulum, 
and subplasmalemma aggregates of 4- to 6-nm 
microfilaments were present (myofibrocytes) 


Fig. 10 (Zarbin, Michels, and 
Green). Case 2. Myofibrocyte asso- 
ciated with an idiopathic epiretina! 
membrane. Note the folded ap- 
pearance of the nucleus, rough en- 
doplasmic reticulum (asterisk), and 
subplasmalemmal aggregates of 
microfilaments with fusiform den- 
sities (between arrowheads). Colla- 
gen and wide-spaced collagen (ar- 
row) are present, as is a segment 
of internal limiting membrane 
(x 4,200). Inset, Higher magnifi- 
cation showing subplasmalemmal 
aggregates of 4- to 6-nm diameter 
intracytoplasmic filaments with 
fusiform densities (between arrow- 
heads). The presence of microfila- 
ments, subplasmalemmal areas of 
fusiform density, and distortion 
of the nucleus are suggestive of 
cellular contraction (X 12,000). 


(Fig. 10). Rare fibrocytes and occasional macro- 
phages with secondary lysosomes and no sur- 
face polarity were noted. The collagenous ma- 
trix was composed of 10-nm diameter fibers 
and occasional small foci of wide-spaced colla- 
gen with a periodicity of 83-nm (Fig. 11). The 
internal limiting membrane was of normal! 
thickness (2.3 wm). 





Discussion 





The epiretinal membranes in these two pa- 
tients were associated with anterior prolapse of 
macular tissue through a hole in the center of 
the membrane. In one patient, the membrane 
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Fig. 11 (Zarbin, Michels, and Green). Case 2. Electron micrograph of the collagenous component of an 
epiretinal membrane. A cell process containing intracytoplasmic filaments is present in the upper right corner. 
Wide-spaced collagen fibers are present in a collagenous matrix composed of 8- to 12-nm diameter fibers 
(x 12,000). Inset, Higher-magnification electron micrograph of wide-spaced collagen showing 75-nm thick 


fibers (X 15,000). 


was first noted at 7 years of age. The origin of 
the membrane was unknown, but it may have 
been developmental. This possibility is based 
on the distinctive slate-gray appearance of the 


underlying pigment epithelium, which was not 
associated with acquired membranes. The other 
patient was 60 years of age, and the membrane 
was idiopathic. 


A 
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Tangential traction on the retina exerted by 
the cells in the membrane accounts for the 
distortion and other secondary retinal changes 
associated with epiretinal membranes of all 
types. Roth and Foos” described two common 
morphologic appearances: gathered pleats with 
linear, nearly parallel retinal folds, and star- 
bursts in which retinal folds radiate from a 
central area. If the epiretinal membrane pro- 
duces a substantial amount of vascular distor- 
tion, then vascular leakage with macular edema 
can occur. Strong traction can also cause low 
detachment of the posterior retina, and some 
epiretinal membranes are associated with clini- 
cal evidence of obstructed axoplasmic flow in 
the nerve fiber layer.” 

Allen and Gass” described eight patients in 
whom epiretinal membranes were associated 
with pseudomacular holes. In these patients, a 
hole in the membrane over the center of the 
macula gave the appearance of a macular hole. 
In one of the patients, later spontaneous sepa- 
ration of the membrane from the retina demon- 
strated conclusively that there was no underly- 
ing hole in the retina. Wise” described two 
patients with epiretinal membranes associated 
with what appeared to be lamellar macular 
holes. In these eyes, visual acuity was 20/20, 
and the macular lesions were probably pseudo- 
macular holes with holes in the epiretinal mem- 
brane. The clinical appearance of a pseudo- 
macular hole may be entirely caused by the 
epiretinal tissue or by centripetal contraction of 
the membrane with slight central movement of 
the underlying retina and steepening of the 
foveal margin, which created the appearance of 
a hole. 

Our second patient was believed by one ob- 
server to have a lamellar macular hole one year 
before surgery (Fig. 6). No lamellar hole was 
detected postoperatively, and it is probable that 
an epiretinal membrane with a central hole 
created the appearance of a lamellar macular 
hole. In this patient, however, progressive cen- 
tripetal contraction probably caused forward 
prolapse of the macular tissue through the hole 
in the membrane. An alternative explanation is 
that the epiretinal membrane underwent cen- 
trifugal contraction causing eversion of the cen- 
tral retina, as observed in a histopathologic 
study.’ In our patients, however, the holes in 
the center of the membranes were small, and 
the prolapsing macular tissue had an hourglass 
shape, which indicated that centripetal rather 
than centrifugal contraction had occurred. 

In some cases with a similar appearance, the 


prolapsed tissue may represent partial-thick- 
ness eversion of the superficial retina, as seen 
histopathologically, rather than focal detach- 
ment of full-thickness neurosensory retina.” 
Regardless of the mechanism, the ultimate con- 
figuration of the retina is probably dependent 
on the balance of tractional forces created by 
the cells in the membrane. In patients with a 
central hole in the membrane, a pseudomacular 
hole configuration is far more common than 
anterior prolapse of the retina. The cause of 
anterior retinal prolapse is uncertain, but it is 
probably because of strong centripetal contrac- 
tion, possibly combined with low traction de- 
tachment of the macula, thereby making the 
retinal tissue more mobile. 

Visual acuity improved substantially in one 
of our two patients, but it did not recover fully. 
The appearance of the macula improved in both 
eyes. Thus, surgery may be useful in selected 
patients, but the potential for visual recovery is 
probably lower in eyes with anterior macular 
prolapse than in other eyes with macular puck- 
er because of more severe mechanical damage 
caused by the marked distortion of the macula. 
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Experimental Endoretinal Biopsy 





Jeffrey G. Gross, M.D., Todd E. Schneiderman, B.S., Clayton A. Wiley, M.D., 
Germaine Bergeron-Lynn, B.S., David W. Faber, B.S., and William R. Freeman, M.D. 


We performed transvitreal endoretinal bi- 
opsy in rabbit eyes to develop a reliable and 
safe technique to obtain retinal specimens 
from attached retina. Pars plana vitrectomy 
without lensectomy was followed by injection 
of Ringer’s solution into the subretinal space 
to produce a focal retinal detachment. The 
apex of the focal detachment was excised by 
intraocular scissors and removed from the eye 
by pneumohydraulic expulsion. A fluid-air 
exchange reattached the retina. The biopsy 
sites were evaluated clinically and by light 
and electron microscopy at regular intervals 
up to 20 weeks postoperatively. The initial 
five procedures were performed without hepa- 
rin in the infusion fluid, and they were com- 
plicated by severe fibrin reaction and early 
retinal detachment. Of the remaining 17 eyes, 
15 were without intraoperative complication 
and maintained attached retinas. The biopsy 
site developed an early ring of hyperpigmen- 
tation along the border, and the biopsy bed 
became increasingly hyperpigmented because 
of cytoplasmic hyperplasia and hypertrophy 
of the pigment epithelium. Epiretinal mem- 
branes and subretinal neovascularization 
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were observed histologically. Retinal biopsy 
specimens were reproducible and suitable for 
diagnostic studies. 


Tissue siorsy is widely accepted as being criti- 
cal to proper diagnosis and treatment of com- 
plex inflammatory and infectious disease. The 
retina has long been considered inaccessible 
and, with rare exception, the etiologic diagno- 
sis of retinal diseases is made by clinical obser- 
vation alone. Transscleral chorioretinal biopsy 
has been successfully performed to obtain reti- 
nal tissue but many cases required hypotensive 
anesthesia to reduce the risk of hemorrhage.” 
Blind eyes have been enucleated for diagnostic 
examination in attempts to determine appropri- 
ate therapy for the contralateral eye in patients 
with bilateral retinal infections.’ More useful 
information may be obtained if a biopsy of 
retinal tissue is performed before infectious 
and inflammatory processes lead to widespread 
retinal destruction and irreversible vision loss. 
Freeman and associates” found endoretinal bi- 
opsy at the time of pars plana vitrectomy useful 
in some patients with complex infectious dis- 
ease complicated by retinal detachment. Subtle 
pathologic changes may become altered in the 
presence of retinal detachments, which make 
endoretinal biopsy specimens taken from de- 
tached retina more difficult to interpret. These 
considerations underscore the potential utility 
of a procedure that would allow prompt tissue 
analysis during active disease in patients with 
unusual inflammatory or infectious forms of 
retinitis before retinal detachment occurs. As a 
research tool, biopsy of retina would be useful 
in the study of inherited retinal diseases and 
degenerations, as well as infectious and inflam- 
matory disorders. 

For these reasons, we sought to develop an 
internal surgical procedure to obtain retinal 
biopsy specimens in undetached retina. This 
procedure used vitreoretinal techniques and 
yielded biopsy material of high quality and 
sufficient quantity for light microscopy, elec- 
tron microscopy, and immunohistochemical 
analysis. 
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Fig. 1 (Gross and associates). Biopsy site showing a 
thin rim of hyperpigmentation (arrows) under the 
edge of cut retina two weeks after biopsy. 


Material and Methods 


Transconjunctival cryopexy was applied to 
the planned sclerotomy sites of 22 Dutch pig- 
mented rabbit eyes one to two weeks before the 
operation to reduce the risk of surgically in- 
duced retinal tears. Topical cyclopentolate hy- 
drochloride 1% and phenylephrine hydrochlor- 
ide 2.5% were used to dilate the pupils 
maximally. Intramuscular ketamine hydro- 
chloride (50.0 mg/kg of body weight), xylazine 
hydrochloride (8.8 mg/kg of body weight), and 
atropine (0.5 mg/kg of body weight) were used 
for anesthesia during cryopexy, surgery, and 


photography. Supplemental injections of keta- 
mine hydrochloride and xylazine hydrochlor- 
ide were given as needed to maintain ocular 
akinesia and anesthesia. 

Under aseptic surgical conditions, a 360-de- 
gree conjunctival peritectomy was made, the 
sclerotomy sites were identified with indirect 
ophthalmoscopy, and a 2.5-mm infusion can- 
nula was sutured to the sclera 2.0 mm posterior 
to the corneoscleral limbus with preplaced 6-0 
polyglactin suture. An infusion fluid of lactated 
Ringer’s solution was used in all cases. In 17 
cases, heparin sodium (4 IU/ml) was added to 
the infusion fluid. A pars plana vitrectomy was 
performed using a standard 20-gauge, three- 
port system and irrigating plano contact lens. A 
4- to 6-mm diameter, focal retinal detachment 
was produced below the medullary ray. An 
automated, constant pressure (50 mm Hg) air 
injector” was used to inject Ringer’s solution 
into the subretinal space through either a hand 
drawn glass micropipette (100- to 200-pm di- 
ameter tip) or a 31l-gauge metal tube. A 2 x 
2-mm segment of retina was excised from the 
apex of the focal detachment by both vertical 
and horizontal intraocular 20-gauge scissors 
and removed from the eye by pneumohydraulic 
expulsion, as previously described.” A fluid-air 
exchange, using a constant infusion air pump, 
was used to reattach the small area of retina 
surrounding the biopsy site. The sclerotomies 
and conjunctiva were closed with 7-0 polyglac- 
tin suture. Subconjunctival gentamicin sulfate 
(20 mg), repository methyl prednisolone (20 
mg), and topical atropine 1% were adminis- 
tered at the completion of the operation. The 





Fig. 2 (Gross and associates). Left, Small biopsy site showing hyperpigmentation of the biopsy bed. Right, Five 
weeks after biopsy, the hyperpigmentation in the small biopsy bed was more prominent and increased over time. 
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Fig. 3 (Gross and associates). Retinal biopsy speci- 
men demonstrating normal cytoarchitecture. There is 
fragmentation of the outer segments and separation 
of the retina from the agar mount (arrows) (Hum- 
phrey’s stain, X 600). 


rabbits were positioned with the operated on 
eye down to tamponade the biopsy site until 
they awoke from anesthesia. All procedures 
were in accordance with approved University of 
California animal care policies. 

The retinal biopsy specimens were placed 
immediately on specially prepared agar strips, 
coated with a layer of albumin,” and placed ina 
mixture of 2% glutaraldehyde and 2% parafor- 
maldehyde. The specimens were postfixed in 
1% osmium tetroxide for one hour and embed- 
ded in Epon-Araldite before sectioning. Rab- 
bits were examined clinically one day, three 
days, and once to twice weekly thereafter by 
indirect ophthalmoscopy and in some cases 
with fundus photography. Animals were killed 
immediately after surgery at one week, two 
weeks, four weeks, 12 weeks, and 20 weeks 
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Fig. 4 (Gross and associates). Methacrylate-em- 
bedded tissue adjacent to biopsy site immediately 
after surgery. The retinal appearance is normal and 


shows no histologic evidence of perturbation (Hum- 
phrey’s stain, X 800). 


after undergoing transaortic perfusion with a 
mixture of 2% glutaraldehyde and 2% parafor- 
maldehyde under deep anesthesia. The enucle- 
ated globes were sectioned immediately behind 
the corneoscleral limbus, and the entire ante- 
rior segment was removed and placed into the 
fixative. The biopsy sites were bisected; one 
half was embedded in methacrylate, stained 
with toluidine blue or Humphrey’s stain, and 
sectioned in 1-um increments for light micros- 
copy. A 1-pm section of the other half of the 
biopsy bed was sectioned through the biopsy 
junction, embedded in Epon-Araldite, and pre- 
pared for electron microscopy. 
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Fig. 5 (Gross and associates). Methacrylate-em- 
bedded tissue from edge of biopsy bed one week 
postoperatively. The retina forms a smooth transi- 
tion with the biopsy bed. Beneath the intact retina 
the pigmented epithelium is unremarkable when 
compared to the hyperplastic cells in the biopsy bed 
(toluidine blue, Xx 200). 





Results 


A total of 22 rabbit eyes underwent pars 
plana vitrectomy, focal detachment of the reti- 
na, endoretinal biopsy, and air-fluid exchange. 
The diameter of the biopsy sites ranged from 2 
to 4 mm. The initial five procedures were per- 
formed without heparin in the infusion fluid. 
All of these eyes developed severe fibrin reac- 
tion in the vitreous cavity within the first 24 
hours, and each eye developed retinal detach- 
ment. These eyes did not undergo further 
study. In the remaining 17 eyes, the procedures 
were performed with heparin sodium (4 IU/ml) 
in the infusion fluid. No fibrinous reaction 
occurred in this group. Of these eyes, 15 main- 
tained attached retinas up to 20 weeks after the 
operation. The other two eyes developed severe 
intraoperative choroidal hemorrhage related to 
inadvertent surgical hypotony and did not un- 
dergo further study. 

Clinical examinations in all cases showed 
that the retinal edges at the biopsy site became 
completely reattached to the pigment epitheli- 
um between one and three days postoperatively 
without additional surgical manipulation. The 
intravitreal air reabsorbed within three to four 


Fig. 6 (Gross and associates). Methacry- 
late-embedded tissue from biopsy bed two 
weeks postoperatively. Hypertrophic and 
hyperplastic pigmented epithelial cells (ar- 
rows) are seen above the choriocapillaris 
(Humphrey’s stain, X 800). 
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days in all eyes. At one and two weeks, a thin 
rim of hyperpigmentation was observed by in- 
direct ophthalmoscopy along the border of the 
biopsy sites (Fig. 1). This hyperpigmentation 
increased in intensity over time. The biopsy bed 
became hyperpigmented as well. This was par- 
ticularly evident in smaller diameter biopsy 
beds (Fig. 2). 

The 15 eyes in which retinal biopsy was 
performed without intraoperative choroidal 
hemorrhage were studied by thin section (plas- 
tic-embedded) light microscopy. The biopsy 





Fig. 7 (Gross and associates). Methacry- 
late-embedded tissue from edge of biopsy 
bed one week postoperatively. The retina is 
capped by a thin glial scar extending 100 pm 
from the biopsy edge (arrows). The remain- 
ing portion of the retina is histologically 
normal (toluidine blue, X 200). 


area was sectioned to include the biopsy bed 
(bare pigment epithelium), cut edge of retina, 
and the surrounding retina. In selected cases, 
1-mm blocks of full-thickness eyewall tissue in 
each of these three areas were prepared for 
electron microscopic studies. 

The cytoarchitecture of the retinal biopsy 
specimens was well preserved, except for frag- 
mentation of the outer segments (Fig. 3). The 
adjacent retina and pigment epithelium of the 
biopsy bed showed a normal appearance imme- 
diately after the biopsy (Fig. 4). At one-week 


Fig. 8 (Gross and associates). Methacry- 
late-embedded tissue from edge of biopsy 
bed one week postoperatively (higher mag- 
nification of Figure 7). Neovascularization 
of the subretinal tissue is evident in the 
minute vessels (asterisks) beneath the pig- 
mented retinal epithelium. Melanin gran- 
ules are evident within the cytoplasm of the 
epithelial cells above the neovascularization 
(toluidine blue, Xx 400). 
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Fig. 9 (Gross and associates). Electron micrograph of tissue adjacent to biopsy bed. Anterior edge of retina 


shows disruption of normal cytoarchitecture and phagocytic cell processes overlying inner limiting membrane 
(arrows). The neurophil contains numerous intercellular vacuoles (asterisks) (uranyl acetate and lead cit- 


rate, X 7,500). 


intervals, the pigment epithelial changes were 
confined to the biopsy bed. The pigment epithe- 
lium appeared histologically normal under the 
retina surrounding the biopsy site (Fig. 5). Cy- 
toplasmic hypertrophy and hyperplasia of the 
pigmented epithelium became prominent at 
two weeks postoperatively (Fig. 6). The retina 


surrounding the biopsy site was histologically 
normal, except for a glial scar at the edge of the 
biopsy bed at the location of the scissor cut (Fig. 
7). The outer nuclear layer was well preserved, 
except in the area involved by the glial scar. 
Subretinal neovascularization was documented 
in eyes at two weeks postoperatively (Fig. 8). 
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Melanin granules could be seen within the 
cytoplasm of the pigment epithelial cells above 
the subretinal neovascular complex. 

At two weeks postoperatively, the transition 
zone (edge of biopsy bed) showed mild gliosis 
and cellularity. Electron microscopy of tissue at 
this time disclosed the presence of phagocytic 
cells, probably derived from the pigment epi- 
thelium or macrophages. These cells could be 
seen invading a disrupted internal limiting 
membrane (Figs. 9 through 11). At four weeks 
postoperatively, a more mature glial scar could 
be seen surrounding the biopsy site. The scar 
was 0.3 to 0.8 mm across and showed prolifera- 
tion of the pigment epithelium beneath the glial 
tissue, which corresponded to the hyperpig- 
mentation seen clinically (Fig. 12). At 12 and 20 
weeks postoperatively, pigment epithelial hy- 
pertrophy in the biopsy bed could be seen (Fig. 
13). In one of the three eyes examined histolog- 
ically at 20 weeks, a macrophage and connec- 
tive tissue membrane could be seen proliferat- 
ing from the site of the biopsy bed over the 
edges of the retina; however, the retina re- 
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mained attached. Macrophages and connective 
tissue could be seen admixed in the membrane 
over the glial scar (Fig. 14). 





Discussion 





The ability to perform a biopsy and analyze 
small specimens of retinal tissue in a predict- 
able fashion and without serious complications 
could provide a useful tool to diagnose and 
treat complex retinal disease. Such a procedure 
would be useful to increase understanding of 
the pathophysiology of retinal degenerations 
and dystrophies and could allow examination 
of sequential specimens over time to determine 
how the histologic changes correlate with the 
ophthalmoscopic appearance. Once considered 
an inaccessible tissue,” several investigators 
have tried to develop methods to perform biop- 
sy of the undetached retina successfully. 

Full-thickness eyewall biopsy, as described 
by Peyman associates,’* produced a specimen 





—— mi: 


626 AMERICAN JOURNAL OF OPHTHALMOLOGY 


December, 1990 








consisting of sclera, choroid, retinal pigment 
epithelium, and retina. An advantage of this 
method is that the anatomic relationship be- 
tween the photoreceptors and retinal pigment 
epithelium can be assessed, an important factor 
in investigating choroidal tumors and chorio- 
retinal degenerations. This procedure has sig- 
nificant risks, can frequently result in vitreous 
loss, and may require replacement of the scleral 
wound with donor tissue. A modification of this 
technique involves dissection of a split-thick- 
ness, trapdoor scleral flap before removal of the 
chorioretinal specimen.’ A smaller specimen is 
usually obtained in this manner, yet the ana- 
tomic relationships are maintained, and the 
surgical procedure does not necessarily require 


Fig. 11 (Gross and associates). 
Thin section adjacent to biopsy 
bed. Inner limiting membrane (ar- 
rows) of anterior edge of retina is 
covered by an epiretinal collage- 
nous inner limiting membrane. 
Phagocytic cells (P) are seen above 
the membrane. The neurophil be- 
low the inner limiting membrane 
shows some extracellular vacuoles 
(asterisks) but little disruption 
(uranyl acetate and lead citrate, X 
7,500). 


a specialized eye basket to support the globe or 
donor sclera to close the wound. Severe hemor- 
rhage is a complication associated with this 
technique. Hypotensive anesthesia is often 
used to prevent this complication. 

Transvitreal retinal biopsy has been per- 
formed in rabbits by using either a handheld 
1.0-mm suction trephine” to remove retina and 
choroid or a 1.6-mm suction trephine attached 
to a stereotaxic manipulator to remove a full- 
thickness eyewall specimen.” The surgical re- 
sults using both techniques were encouraging 
with retinal detachment occurring from the 
biopsy site in only one eye.“ Hyperpigmenta- 
tion was observed to increase around the biop- 
sy site over time in all cases. This technique 
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requires special instrumentation, and recovery 
of tissue from the trephine may be difficult. 
The advantages of an internal approach to 
retinal biopsy include excellent control over the 
precise site and size of the biopsy, excision of 
only retina, minimal inflammation, and avoid- 
ance of hemorrhage, vitreous loss, retinal in- 
carceration, and related problems seen with 
external biopsy procedures. Trephination in 
human eyes might be expected to cause choroi- 
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Fig. 12 (Gross and associates). Methacry- 
late-embedded tissue from edge of biopsy 
bed four weeks postoperatively. The retinal 
edge is elevated for approximately 100 um 
from the bed. Histologic distortion and glial 
scarring is noted in this area, but the adja- 
cent retina (arrows) is histologically normal 
(toluidine blue, x 200). 


dal trauma with hemorrhage and associated 
problems in removing packed tissue from the 
trephine. Additionally, trephination at the time 
of 20-gauge pars plana vitrectomy would allow 
only a 0.9-mm diameter retinal biopsy speci- 
men without enlarging the sclerotomy. 
Freeman and associates” previously de- 
scribed transvitreal endoretinal biopsy of de- 
tached retina in humans at the time of vitrec- 
tomy to repair retinal detachments associated 


Fig. 13 (Gross and associates). Methacry- 
late-embedded tissue from biopsy bed 20 
weeks postoperatively. The retinal edge is 
blunted and slightly retracted above the 
epithelium. Retina adjacent to the edge is 
histologically normal. Hypertrophic and hy- 
perplastic pigmented epithelial cells (ar- 
rows) are seen within the biopsy bed (tolui- 
dine blue, x 80). 
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with infectious retinitis. Retinal biopsy speci- 
mens were obtained with 20-gauge intraocular 
scissors and forceps. The biopsy specimen was 
guided to the sclerotomy site and released as 
the intraocular pressure was increased by rais- 
ing the infusion bottle. The retinal specimen 
was thus pneumohydraulically expulsed from 
the vitreous cavity and recovered from the scle- 
rotomy site. Retinas were reattached by fluid- 
air exchange and by using either long-acting 
gas or silicone oil, remained attached. Compli- 
cations of this technique included limited hem- 
orrhage at the biopsy site and limited inferior 
retinal detachment related to residual vitreo- 
retinal adherence and proliferative vitreoreti- 
nopathy in a small percentage of cases. 

The rabbit retina is avascular, and surgical 
manipulation does not result in vitreous hem- 
orrhage unless the choroid is incised. Reti- 
nectomy in rabbits does not result in significant 
hypotension despite much larger areas of ex- 
posed pigment epithelium than we created." 
The reason for this is unclear, but it is possible 
that the morphologic changes that we have 
documented in the exposed pigment epithelium 


of retinal biopsy beds may reduce the pumping 
ability of the pigment epithelium or provide a 
barrier to flow of fluid from the vitreous to 
choroidal vessels. Hyperpigmentation and hy- 
pertrophy of the pigment epithelium were most 
prominent in smaller biopsy beds. It is possible 
that proximity of the cut edges of the retina to 
the pigment epithelium may be related to these 
changes. Further work needs to be performed in 
animals with a vascularized retina to determine 
the effects of endocautery and other forms of 
hemostasis at the time of biopsy before similar 
procedures can be done in humans. 

A safe endoretinal biopsy procedure could 
potentially be applied to a wide variety of 
human retinal diseases. Complicated infectious 
retinitis or inflammatory retinitis may be diag- 
nosed before necrotizing changes lead to reti- 
nal detachment. Retinal dystrophies and de- 
generations may be investigated at the cellular 
level before endstage atrophic alterations oc- 
cur. 

Our data suggest that by using pars plana 
vitrectomy techniques in the avascular retina of 
the rabbit, endoretinal biopsy of attached reti- 
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na is safe. After controlling severe fibrin forma- 
tion with heparin (a problem frequently seen in 
the rabbit eye”), 15 of 17 retinas remained 
attached. If the two eyes that had large hemor- 
rhagic choroidal detachments intraoperatively 
are excluded, 100% of the eyes in which biop- 
sies were performed remained attached with no 
adverse effects seen clinically or histopatholog- 
ically. Our histologic studies show that hyper- 
plasia and hypertrophy of the pigment epitheli- 
um develops in the biopsy bed and that 
epiretinal membranes may form over the edge 
of the cut retina. In no case did this lead to 
retinal detachment or significant traction. Simi- 
larly, the formation of subclinical subretinal 
neovascularization beneath the cut edges of 
retina and the gliosis seen in this area appear to 
be associated with wound healing and were not 
clinically apparent. 
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Acanthamoeba Keratitis Associated With Disposable 


Contact Lenses 





David G. Heidemann, M.D., David D. Verdier, M.D., Steven P. Dunn, M.D., 
and John F. Stamler, M.D. 


Two patients developed Acanthamoeba ker- 
atitis associated with the use of disposable 
extended-wear hydrogel contact lenses. Both 
patients removed, irrigated, and reinserted 
the contact lenses without disinfecting them. 
One patient wore the lenses on a daily basis, 
rinsed the lenses in tap water, stored them 
overnight, and discarded them weekly. Both 
infections were treated successfully. In a third 
patient, Acanthamoeba species was cultured 
from two pairs of disposable lenses that had 
been stored in cases rinsed with well water. 
Potential benefits from disposable contact 
lens wear are negated when patients do not 
comply with a continuous wearing schedule. 


A POTENTIALLY DEVASTATING INFECTION, Acan- 
thamoeba keratitis has dramatically increased in 
incidence during the past decade.'® Approxi- 
mately 85% of cases of Acanthamoeba keratitis 
are associated with contact lens wear.’ Infec- 
tions have been reported with extended- and 
daily-wear hydrogel contact lenses, gas-perme- 
able contact lenses, and hard contact lenses.” 
Hydrogel contact lenses have been implicated 
most frequently, often in patients using home- 
made saline (consisting of distilled water and 
salt tablets) and cold disinfection.’ Acantha- 
moeba species has been cultured from soft con- 
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tact lenses,” saline solutions,’ distilled water,*” 
and solution in soft contact lens cases." 

Disposable contact lenses, if discarded after 
being worn continuously for one week, offer 
theoretic advantages of no risk of contamina- 
tion from irrigating and cleaning solutions or 
storage cases. Several cases of bacterial corneal 
ulcers associated with disposable contact lenses 
have been reported, often associated with wear- 
ing the lens beyond the time recommended or 
interruption in continuous wear.’ One case of 
Acanthamoeba keratitis associated with dispos- 
able contact lenses has been reported in a 
patient who used Solusal spray to wet the 
lenses before insertion.’ We treated two pa- 
tients who had Acanthamoeba keratitis associat- 
ed with disposable contact lenses. In each case 
the patient removed, irrigated, and reinserted 
the lenses without disinfecting them. In an 
additional patient, Acanthamoeba species was 
cultured from two sets of disposable lenses that 
were removed and stored temporarily in cases 
that had been rinsed with well water. 





Case Reports 





Case 1 

A 59-year-old woman began wearing dispos- 
able extended-wear hydrogel contact lenses in 
November 1989, after ten years of uneventful 
daily soft contact lens wear. She routinely wore 
the disposable lenses six or seven days, then 
removed them and inserted a new pair on 
the next day. The patient occasionally removed 
and irrigated the lenses with a preserved 
saline solution, then reinserted the lenses 
without disinfecting them. The patient routine- 
ly washed her hands before applying or manip- 
ulating the lenses. She denied storing the lens- 
es, or rinsing them with tap water, distilled 
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water, or nonpreserved saline. On April 15, 
1990, after six days of contact lens wear, the 
patient noted irritation in the right eye. She did 
not recall when she had last removed, irrigated, 
or manipulated the lenses. Superficial keratitis 
was diagnosed, and she was treated with topi- 
cal 10% sulfacetamide and 0.25% prednisolone 
sodium phosphate. The symptoms persisted, 
and the patient was referred for further exami- 
nation. Examination on April 20, 1990, dis- 
closed visual acuity of 20/25 in the right eye. 
Slit-lamp examination showed a linear row of 
punctate intraepithelial opacities in the inferior 
one third of the cornea. No epithelial defect was 
noted. The stroma was clear. No corneal nerve 
infiltrates were noted. Her medications were 
tapered. Five days later, the linear intraepitheli- 
al opacities had spread throughout the corneal 
surface, although the stroma remained clear 
and free of infiltrate, haze, or edema (Fig. 1). 
Corneal scrapings for smears and cultures for 
bacteria, fungus, and Acanthamoeba were per- 
formed. Three days later, Acanthamoeba was 
noted to be growing on the Escherichia coli 
overlaid nonnutrient blood agar. All other cul- 
tures were negative. The central 8.0 mm of 
corneal epithelium was débrided, and the pa- 
tient was treated with frequent topical propam- 
idine isethionate, neomycin-polymyxin B- 
gramicidin, and later, ketoconazole, 200 mg 
daily, by mouth. The epithelium healed by May 
18, 1990, but mild stromal edema and two 
corneal nerve infiltrates developed. Repeat cor- 
neal smears and cultures were negative for 
Acanthamoeba, bacteria, and fungi. Later, topi- 
cal 2% fluconazole and 1% prednisolone ace- 
tate were added. The keratitis gradually re- 
solved. By July 31, 1990, visual acuity was 
20/40, with residual anterior stromal scarring 
and no inflammation. 


Case 2 

A 17-year-old girl began wearing disposable 
extended-wear hydrogel contact lenses in Au- 
gust 1989, after 2% years of daily soft contact 
lens wear. She wore the disposable lenses for 
six days, wore spectacles on the seventh day, 
and inserted a new pair of lenses on the next 
day. On rare occasions the patient used tap 
water to rinse the lenses. In January 1990, she 
developed bilateral ocular irritation and began 
wearing disposable lenses on a daily basis, 
soaking the lenses in nonpreserved saline at 
night, using no sterilization, and replacing the 


lenses weekly. In February 1990, the patient 
noted blurred vision and increased irritation 
and redness in the right eye and discontinued 
contact lens wear. She was examined by her 
ophthalmologist, who treated her with topical 
neomycin-—polymyxin B-dexamethasone and 
cycloplegics. Two weeks later, a ten-day taper- 
ing course of prednisone by mouth was pre- 
scribed for recalcitrant corneal stromal inflam- 
mation. The keratitis persisted, and the patient 
was referred for further examination and treat- 
ment. 

Examination on March 5, 1990, disclosed 
visual acuity of 20/400 in the right eye, with a 
7.0 X 5.5-mm anterior stromal ring infiltrate 
and small epithelial defect at the inferior edge 
of the infiltrate (Fig. 2). Corneal scrapings 
showed two cysts on Gram stain. Cultures for 
bacteria, fungus, and herpes simplex yielded no 
growth. Fluorescent antibody stain for herpes 
simplex was negative. The hospital laboratory 
did not prepare the E. coli overlaid nonnutrient 
blood agar as directed. A corneal biopsy was 
advised, but was refused by the patient. Cul- 
tures of the saline solution in the contact lens 
case in which she had stored her disposable and 
daily-wear soft contact lenses grew Acantha- 
moeba species on E. coli overlaid nonnutrient 
blood agar, as well as numerous gram-positive 
and gram-negative bacteria and fungi. 

The patient was treated with topical propami- 
dine isethionate, neomycin-polymyxin B- 
gramicidin, cycloplegics, and ketoconazole, 
200 mg by mouth, two times daily. The keratitis 
gradually resolved over several weeks, with 
healing of the epithelial defect and resolution 
of the infiltrate. Examination in July 1990 dis- 
closed visual acuity of 20/100, an intact epithe- 
lium, residual stromal scarring and vasculariza- 
tion, and no inflammation. 


Case 3 

A 36-year-old woman who had not worn 
contact lenses previously began wearing dis- 
posable hydrogel contact lenses on May 3, 
1989. She replaced the lenses approximately 
every ten to 14 days, but frequently removed 
and stored them overnight in a contact lens case 
that she rinsed with well water. The patient 
developed ocular irritation and stopped wear- 
ing the disposable contact lenses several weeks 
later, saving several pairs in various contact 
lens cases. She began wearing conventional 
extended-wear soft (hydrogel) contact lenses 
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Fig. 1 (Heidemann and associates). Case 1. Acan- 
thamoeba keratitis with linear rows of punctate intra- 
epithelial opacities throughout the corneal surface. 


on May 30, 1989, and was noted to have superfi- 
cial keratitis on June 19, 1989. She was treated 
initially with topical 0.3% tobramycin, 10% 
sulfacetamide, and 0.2% prednisolone acetate. 
Eventually, a ring stromal infiltrate developed, 
and the patient was referred for further exami- 
nation. A corneal biopsy performed on July 15, 
1989, grew Acanthamoeba on E. coli overlaid 
nonnutrient blood agar. Acanthamoeba was also 
cultured from two pairs of previously worn 
disposable contact lenses that were stored in 
separate cases and had not been worn or ma- 
nipulated since she began wearing convention- 
al extended-wear contact lenses. Cultures of 
her cleaning and wetting solutions yielded no 
growth. The patient was treated with topical 
propamidine isethionate, neomycin—polymyxin 
B-gramicidin, clotrimazole, and systemic keto- 
conazole. The clinical course stabilized initial- 
ly, but she developed progressive central corne- 
al thinning. On May 30, 1990 (ten months after 
initial diagnosis), a therapeutic penetrating 
keratoplasty was performed. Two months post- 
operatively, the graft was clear with visual 
acuity of hand motions because of a dense 
cataract. 


a 


Discussion 


a 


Theoretic advantages of disposable contact 
lenses, if discarded after being worn continu- 
ously for one week, include the following: no 


Fig. 2 (Heidemann and associates). Case 2. Acan- 
thamoeba keratitis with ring stromal infiltrate. 


risk of contamination from storage cases, clean- 
ing, or wetting solutions; elimination of toxic 
and allergic reactions to various preservatives 
in cleaning and wetting solutions; and less risk 
of surface deposits and defects associated with 
contact lens aging. Noncompliance with a con- 
tinuous seven-day wearing schedule, however, 
eliminates these theoretic advantages. Non- 
compliance may involve removal for irrigation 
or storage, followed by reinsertion of the same 
lens without disinfecting the lens, which risks 
contamination from solutions, fingers, or con- 
tact lens cases. Noncompliance may also in- 
volve extending the wearing time beyond the 
recommended period for economic or other 
reasons. Several cases of bacterial keratitis as- 
sociated with disposable contact lens wear have 
been reported, often occurring in patients who 
did not comply with the recommended wearing 
schedule.” 

Reported cases of Acanthamoeba keratitis as- 
sociated with disposable contact lens wear have 
been associated with the use of irrigating or 
rinsing solutions. In one case, the patient wore 
her lenses continuously, but rinsed her contact 
lenses with Solusal spray before insertion (al- 
though the source of infection was unknown). ” 
Of our patients, one patient (Case 1) strictly 
adhered to a seven-day wearing schedule and 
routinely washed her hands before handling 
and inserting her lenses. However, she occa- 
sionally removed and reinserted her lenses af- 
ter rinsing them with a preserved wetting solu- 
tion, using no disinfection. Cultures of the 
wetting solution were negative, and it is uncer- 
tain if she acquired the infection from the solu- 
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tion, her fingers, or some other source. The 
patient described in Case 2 rinsed her contact 
lenses with preserved saline and tap water 
on rare occasions. She stored her lenses over- 
night in a case in which she had also stored 
her previously worn conventional daily-wear 
hydrogel contact lenses. Cultures of the saline 
solution in her contact lens case were positive 
for Acanthamoeba. The contact lens case may 
have been contaminated from her previous con- 
ventional daily-wear hydrogel contact lenses, 
but the patient had not worn any contact lens in 
the right eye other than disposable lenses since 
August 1989. Therefore, the Acanthamoeba in- 
fection occurred in association with disposable 
contact lens wear, although it is uncertain 
whether the source was from tap water, con- 
taminated saline solution, contact lens case, or 
elsewhere. 

In Case 3, the patient developed Acantha- 
moeba keratitis while wearing conventional 
hydrogel extended-wear contact lenses, not 
disposable lenses. However, both sets of her 
disposable lenses grew Acanthamoeba after be- 
ing stored in cases that were rinsed with well 
water. She had not worn contact lenses before 
these disposable lenses and had not handled or 
manipulated these disposable lenses after be- 
ginning conventional hydrogel contact lens 
wear. Therefore, the risk of Acanthamoeba infec- 
tion while wearing disposable lenses was pres- 
ent, even though she developed symptoms of 
her infection while wearing conventional 
hydrogel extended-wear lenses. In this patient, 
the well water used to rinse her contact lens 
case was the most likely source of Acantha- 
moeba, 

John, Desai, and Sahm" have demonstrated 
that both Acanthamoeba cysts and trophozoites 
can adhere firmly to unworn hydrogel contact 
lenses after brief exposure. It may be possible 
for Acanthamoeba species to adhere to dispos- 
able contact lenses after one exposure to con- 
taminated solutions used to irrigate, rinse, or 
store the lenses temporarily. Simple rinsing of 
the lens or suboptimal cleaning and disinfec- 
tion may not completely eradicate the organ- 
ism, and may ultimately lead to Acanthamoeba 
keratitis. 

Acanthamoeba keratitis can occur in associa- 
tion with disposable contact lens wear in pa- 
tients who do not comply with a continuous 
wearing schedule or who use potentially con- 
taminated irrigating solutions with no disinfec- 
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tion. Certain theoretic advantages of dispos- 
able contact lens wear are eliminated when the 
lenses are irrigated with potentially contami- 
nated solutions, stored temporarily, or other- 
wise manipulated. We believe physicians 
should be alerted to these potential problems 
associated with disposable extended-wear soft 
contact lenses. It should be emphasized that if a 
disposable lens is removed, it should be dis- 
carded or disinfected before being reinserted. 
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OPHTHALMIC MINIATURE 


Fractured 

Flesh falls in shards, 

Gatch, cutt— 

ing my two eyes. 

Skin, skull mask 

My naked brain, 

Whose carved out eyes 

Lie empty 

—now bare, staring neurons. 
Optic nerve 

Gropes stark, dark— 

Ness to touch her 

Two sides—-a third—at once, 
Edge angles shard, 

Still dancing nude. 

cortex fires, 

Į see. 


Bret B. Wagenhorst, (Looking at Picasso’s) Les Demoiselles D’Avignon 
Stanford, California, Dialtone, Spring 1988 


Ocular Injury Induced by Methyl Ethyl Ketone Peroxide 


F. T. Fraunfelder, M.D., D. J. Coster, M.D., Roger Drew, Ph.D., 
and F. W. Fraunfelder, B.A. 


Methyl ethyl ketone peroxide is a common- 
ly used catalyst in various industries. We 
studied 19 eyes with a single exposure to 
methyl ethyl ketone peroxide that developed 
clinical patterns of mild injury, moderate in- 
jury, severe injury, or delayed keratitis. De- 
layed methyl ethyl ketone peroxide keratitis 
may cause exacerbations and remissions of 
corneal and limbal disease lasting more than 
20 years with palpebral and bulbar hyperemia 
equal to the initial chemical exposure. With 
repeat exacerbation, further pannus may oc- 
cur, which can be associated with a poorer 
outcome. Based on the capability of methyl 
ethyl ketone peroxide to change DNA toa new 
weak antigen, we suggest possible methods of 
therapy to prevent or limit delayed methyl 
ethyl ketone peroxide keratitis. This proposed 
type of injury has important implications in 
studying various limbal and corneal diseases. 
A major factor in the severity of ocular injury 
was the length of time from exposure to meth- 
yl ethyl ketone peroxide to obtaining a topical 
ocular local anesthetic to perform adequate 
lavage. 


Mernyt ETHYL KETONE PEROXIDE is a commonly 
used curing agent for thermosetting polyester 
resins. It is also a crosslinking agent and cata- 
lyst used in the production of other polymers. 
This lipophilic organic peroxide is used in the 
automobile, airline, boating, fabric, and paint 
industries. Methyl ethyl ketone peroxide is the 
catalyst for most polyester resins. We studied 13 


Accepted for publication Aug. 20, 1990. 

From the Department of Ophthalmology, Oregon 
Health Sciences University, Portland, Oregon (Dr. 
Fraunfelder and Mr. Fraunfelder); and Departments of 
Ophthalmology (Dr. Coster) and Clinical Pharmacology 
(Dr. Drew), Flinders Medical Center, Adelaide, South 
Australia. This study was supported in part by an unre- 
stricted grant from Research to Prevent Blindness, Inc. 

Reprint requests to F. T, Fraunfelder, M.D., Depart- 
ment of Ophthalmology, 3181 S.W. Sam Jackson Park 
Rd., Portland, OR 97201-3098. 


patients (19 eyes) with direct ocular exposure to 
methyl ethyl ketone peroxide and the various 
patterns of ocular injury that may result. 


Patients and Methods 


Approximately 500 ophthalmologists in Aus- 
tralia were polled by mail and were asked to 
respond only if they had seen ocular injuries 
induced by methyl ethyl ketone peroxide. Ad- 
ditionally, the database from the National Reg- 
istry of Drug-Induced Ocular Side Effects (Port- 
land, Oregon) was reviewed. Thirteen men (19 
eyes), ranging in age from 22 to 68 years, who 
had had a single exposure to methyl ethyl 
ketone peroxide were located. Sixteen eyes 
were from patients in Australia and three eyes 
were from patients from the National Registry 
records. The ophthalmologist who treated each 
patient was interviewed, records were re- 
viewed, and eight of the patients were exam- 
ined by one of us (F.T.F.). Based on the clinical 
course, the eyes were divided into the following 
categories: mild injury, moderate injury, severe 
injury, and delayed keratitis. Many patients 
were aware of others who had had ocular inju- 
ries induced by methyl ethyl ketone peroxide, 
including the loss of the eye; however, these 
cases were not included in our study because 
the patients could not be located. 

Methyl ethyl ketone peroxide was in 40% or 
60% concentrations and, depending on the 
manufacturer, was used alone or in diluents, 
such as dimethyl phthalate, hydrogen peroxide, 
cycloheranone peroxide, or dialyphatalate, 
which are insignificant contributors to the clini- 
cal course.’ Pathologic specimens were ob- 
tained from patients in Cases 1, 4, and 5. 


Results 


Mild ocular injury occurred primarily from 
hand-to-eye contact with methyl ethyl ketone 
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peroxide, exposure to methyl ethyl ketone per- 
oxide vapor, or small amounts of methyl ethyl 
ketone peroxide solution coming in contact 
with the eye inadvertently. Most instances oc- 
curred in an industrial situation, and immedi- 
ate irrigation was performed. Cases of moder- 
ate or extensive exposure to methyl ethyl 
ketone peroxide were associated with a signifi- 
cant industrial accident, such as a rupture of a 
container (secondary to falling or dropping an 
object on the container), explosion of a canister 
or tubing containing the chemical, or confusion 
with a bottle resembling an eyedropper con- 
taining methyl ethyl ketone peroxide that re- 
sulted in a drop of the chemical being placed on 
the eye. 

Even with massive skin exposure, clinical 
findings were usually insignificant other than 
erythema lasting three to seven days with groin 
or axillary erythema lasting three to four 
weeks. Oral, nasal, or respiratory problems 
were inconsequential in our patients. Many 
patients with severe ocular injury required an- 
tidepressant medications, and one patient at- 
tempted suicide, Chronic intermittent head- 
aches and periorbital pain were common 
complaints, mainly during exacerbations. 

There were four clinical ocular patterns, in- 
cluding mild injury, moderate injury, severe 
injury, or delayed methyl ethyl ketone peroxide 
keratitis. The corneoscleral limbus and cornea 
were the primary areas of chronic irritation 
secondary to exposure to methyl ethyl ketone 
peroxide; however, marked hyperemia of bulb- 
ar and palpebral conjunctiva occurred with ex- 
acerbations, Significant photophobia and epi- 
phora were common. Tear film breakup times 
were usually abnormal. Markedly decreased or 
absent conjunctival and corneal sensitivity 
were common, and these were permanent in 
patients with severe injury. 

Eight eyes had mild injury. With the initial 
exposure, ocular pain, lacrimation, and photo- 
phobia were marked. Eyelids may have had 
significant erythema but returned to normal 
within a few days. Bulbar and palpebral con- 
junctival hyperemia occurred with chemosis 
usually being confined to the area of chemical 
contact. If the chemical affected the cornea, 
superficial punctate keratitis occurred with or 
without superficial corneal edema. Signs and 
symptoms usually resolved within three to 
seven days, but some lasted up to two months 
with no chronic sequelae. One patient who 
wore contact lenses and had extensive exposure 
to methyl ethyl ketone peroxide vapor had total 
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corneal epithelial loss that healed within two 
weeks. 

Four eyes had moderate injury. Photophobia 
could be almost incapacitating, with some pa- 
tients stating that they “lived in the dark” for 
the first few months. Exacerbations and remis- 
sions were common, precipitated by ocular irri- 
tants, such as sunlight, dust, and fumes; how- 
ever, exacerbations occurred without apparent 
cause. Exacerbations consisted of marked pho- 
tophobia, florid perilimbal or palpebral bulbar 
injection, and corneal changes, such as superfi- 
cial punctate keratitis, corneal epithelial irregu- 
larities, stromal edema, and recurrent erosions. 
Superficial anterior stromal blood vessel in- 
growth occurred, but seldom grew much more 
than 1.0 mm. Visual acuity fluctuated between 
20/20 and 20/200. During remissions, the eyes 
were white, although some did have corneal 
epithelial irregularity, abnormal tear film 
breakup times, and superficial punctate kerati- 
tis. In general, within a six- to seven-month 
period after exposure to methyl ethyl ketone 
peroxide, the clinical course slowly returned to 
normal. However, two patients had a one- to 
four-year delay in cessation of the photopho- 
bia, intermittent bulbar erythema, and a pro- 
longed heightened sense of awareness of the 
eye. 

Two eyes had severe injury. The corneal 
changes included total epithelial loss and full- 
thickness corneal edema to the degree that the 
iris detail could not be seen within the first few 
days after the injury. Increased intraocular 
pressure and low-grade uveitis occurred. With- 
in a few months, progressive pannus with inter- 
stitial keratitis at all levels of the cornea could 
be seen. Corneal epithelial irregularity, superfi- 
cial punctate keratitis, and recurrent erosions 
were common. Exacerbations with or without 
short remissions occurred, with a progressive 
downhill course over a one- to three-year peri- 
od, including phthisis. 

Five eyes had delayed methyl ethyl ketone 
peroxide keratitis. The initial clinical course 
was sometimes identical to that described with 
either moderate or severe ocular injury. De- 
layed methyl ethyl ketone peroxide keratitis 
differed, however, by its chronic smoldering 
course, which lasted from ten to more than 20 
years, Superficial punctate keratitis and recur- 
rent corneal erosions were common, but rela- 
tively symptom-free periods from one to more 
than four months also occurred. Corneal thin- 
ning and phthisis were noted more than ten 
years after the injury. Exacerbations lasted 
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from days to months with marked bulbar and 
palpebral injection occurring with a slow in- 
crease in pannus or interstitial keratitis. No 
significant chronic bulbar or conjunctival ab- 
normality was seen clinically. The anterior 
chamber was seldom involved, and glaucoma 
was not noted in our patients. 

Delayed methyl ethyl ketone peroxide kerati- 
tis had a profound effect on the lifestyle of all 
patients. They were constantly aware of their 
eyes, even during remissions. It was not neces- 
sarily pain, but was described by the patients as 
“an abnormal sensation,” “know it’s there,” 
“slight constant ache,” “hypersensitivity,” or 
“with each blink I’m aware of the eye.” Protec- 
tion of the eye from sunlight and other irritants 
was a continuous concern because of fear of 
causing an exacerbation. Even with visual acu- 
ity intermittently in the 20/30 to 20/40 range, 
two patients requested enucleation. 


e? dt 


Case Reports 


Case 1 

A 46-year-old man had splashed 60% methyl 
ethyl ketone peroxide onto both eyes 26 years 
previously. Irrigation occurred within seconds; 
however, it was more than 15 minutes before 
ocular irrigation with a local anesthetic oc- 
curred. At the most recent examination, visual 
acuity in the right eye was light perception with 
delayed methyl ethyl ketone peroxide keratitis 
and three failed corneal grafts. The left eye had 
been eviscerated 15 years previously because of 
delayed methyl ethyl ketone peroxide keratitis, 
corneal perforation, and phthisis (Fig. 1). 


Case 2 

A 43-year-old man had total body and ocular 
exposure to 40% methyl ethyl ketone peroxide 
13 years previously. Ocular irrigation occurred 
within seconds, but at least 45 minutes passed 
before irrigation with a local anesthetic was 
done. At the most recent examination, visual 
acuity was hand motions in the right eye with a 
failed graft and the typical signs of delayed 
methyl ethyl ketone peroxide keratitis. Visual 
acuity in the left eye was 20/20 and showed 
moderate methyl ethyl ketone peroxide corneal 
injury. 


Case 3 
A 68-year-old man had confused a bottle 
resembling an eyedropper containing 60% 





Fig. 1 (Fraunfelder and associates). Case 1, left eye. 
Delayed methyl ethyl ketone peroxide keratitis with 
third failed graft and marked vascularization with 
conjunctival and corneal hyperesthesia 26 years after 
injury. 


methyl ethyl ketone peroxide with his ocular 
medication and placed one drop of this solution 
onto the right eye eight years previously. Al- 
though the eye was irrigated immediately, it 
was 1% hours before the patient obtained irri- 
gation with a local anesthetic. At the most 
recent examination, visual acuity in this eye 
was hand motions with two failed corneal 
grafts and the typical clinical course of delayed 
methyl ethyl ketone peroxide keratitis. 


Case 4 

A 30-year-old man had total body and ocular 
exposure to 60% methyl ethyl ketone peroxide 
three years previously. Irrigation occurred 
within seconds, but it was at least 15 minutes 
before ocular irrigation with a local anesthetic 
occurred. At the most recent examination, visu- 
al acuity in the right eye was 20/100 nine 
months after a corneal transplant. At the time 
of surgery, the eye showed the typical features 
of a severe methyl ethyl ketone peroxide injury. 
Visual acuity in the left eye was 20/20 and had 
ocular signs of moderate methyl ethyl ketone 
peroxide injury. 


Case 5 

A 22-year-old man had bilateral 60% methyl 
ethyl ketone peroxide ocular exposure 11 years 
previously. Irrigation of either eye did not occur 
for ten minutes, and ocular irrigation with a 
local anesthetic did not occur until one hour 
later. At the most recent examination, visual 
acuity in the right eye was 20/80, but fluctuated 
to hand motions during exacerbation of delayed 
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Fig. 2 (Fraunfelder and associates). Case 5, right 
eye. Typical exacerbations with bulbar, palpebral, 
conjunctival, and limbal areas injected markedly 11 
years after a single ocular exposure to methyl ethyl 
ketone peroxide. 


methyl ethyl ketone peroxide keratitis (Figs. 2 
and 3). The patient has had two tarsorrhaphies. 
Visual acuity in the left eye was 20/20 and 
showed signs of a moderate methyl ethyl ke- 
tone peroxide injury. 


Case 6 

A 73-year-old man had confused a small 
bottle containing 60% methyl ethyl ketone per- 
oxide with his glaucoma medication three years 
previously. He placed one drop on his right eye, 
irrigated the eye within seconds, but it was an 
hour before he obtained ocular irrigation with a 
local anesthetic. The right eye became phthisic 
and was enucleated because of pain. Before 
this, the patient had the signs of a severe 
methyl ethyl ketone peroxide injury. 


Local antibiotics, cycloplegics, lubricants, 
oral and systemic corticosteroids, and intermit- 
tent pressure dressings were the usual initial 
treatment. Wraparound sunglasses were used, 
and the patients avoided irritants. Contact lens- 
es were used with little success in patients with 
severe and delayed keratitis, but they were of 
possible value on a short-term basis. Surgical 
treatment included tarsorrhaphy and corneal 
transplantation. All of the seven corneal grafts 
(four eyes) have failed. 

Corneal buttons from two patients (Cases 1 
and 4) were evaluated histopathologically. In 
both specimens, there was marked loss of cor- 
neal endothelium, variable pannus formation, 
stromal scarring and vascularization, and 
chronic inflammatory cell infiltrates. 

A conjunctival biopsy specimen (Case 5) 





Fig. 3 (Fraunfelder and associates). Case 5, right 
eye. Progressive pannus formation 11 years after 
injury in delayed methyl ethyl ketone peroxide kera- 
titis. 


showed squamous metaplasia of the conjuncti- 
val epithelium with some loss of goblet cells. 
There was moderate scarring of the substantia 
propria and a mild infiltrate of lymphocytes, 
plasma cells, and occasional eosinophils. 


Discussion 


Immediately after exposure to methyl ethyl 
ketone peroxide the outcome cannot be predict- 
ed, not unlike an alkaline injury. With minimal 
chemical exposure, signs are usually gone with- 
in a few weeks, but symptoms may persist for 
months. In moderate injuries, the prognostic 
factors are the frequency and severity of exacer- 
bations and the length of time between exacer- 
bations. Pannus formation should be minimal 
and show no more progression after six 
months. If ocular signs progress further and 
symptoms persist, delayed keratitis may devel- 
op. Severe forms often occur when endothelial 
cell damage or anterior uveitis is seen initially. 
Persistent corneal edema and progressive pan- 
nus with interstitial keratitis are poor prognos- 
tic signs. Delayed methyl ethyl ketone peroxide 
keratitis is characterized by its limbal and cor- 
neal abnormality, with exacerbations and re- 
missions over a 20-year period. Persistent cor- 
neal edema lasting over a number of months is 
indicative of the severe form, whereas slowly 
progressive pannus formation after six months 
is indicative of delayed methyl ethyl ketone 
peroxide keratitis. 

The long-term clinical course after ocular 
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exposure to methyl ethyl ketone peroxide dif- 
fers from other severe chemical injuries. The 
most significant difference is bulbar and palpe- 
bral conjunctival hyperemia equal to the clini- 
cal course of the initial chemical exposure oc- 
curring during exacerbations even two decades 
later. Clinically, there were minimal to no eye- 
lid abnormalities, no symblepharon, and no 
clinically evident palpebral or peripheral bulb- 
ar conjunctival complications secondary to 
methyl ethyl ketone peroxide. The corneoscler- 
al limbus and cornea were the only significant 
areas of chronic involvement. The only other 
chemical agent that apparently remains active 
is nitrogen mustard gas, which can cause ocular 
exacerbations and remissions over a 20-year 
period. Delayed methyl ethyl ketone peroxide 
keratitis resembles delayed mustard gas (di- 
chloro-diethyl sulphide) keratitis by its slow 
progression over more than two decades, exac- 
erbations and remissions, corneal hypoesthe- 
sia, and similar corneal changes. It differs in the 
lack of eyelid changes, ischemic conjunctival- 
scleral abnormality, tortuous varicose corneal 
vessels, and corneal lipoidal-cholesterol degen- 
eration.” 

As with other ocular toxic chemical injuries, 
the degree of injury is often proportional to the 
concentration of the agent, the length of expo- 
sure, the method of exposure (that is, liquid 
under pressure), and time before lavage oc- 
curred. The key to ocular treatment is immedi- 
ate adequate lavage using a topical local anes- 
thetic. Pain may be so severe that patients can 
become untreatable, which makes ocular irriga- 
tion difficult. Local anesthetics are essential; 
however, they are not always available in indus- 
trial first-aid kits. Two patients in separate 
industrial accidents were bathed in 2 liters of 
60% methyl ethyl ketone peroxide with exten- 
sive ocular exposure but obtained ocular irriga- 
tion almost immediately by using a topical 
ocular anesthetic. Both patients had excellent 
outcomes and were in the mild injury group. 
The patients with the worst cases all had delays 
of 15 to 90 minutes before proper irrigation. 
Using these concentrations of methyl ethyl ke- 
tone peroxide applied directly to the eye in 
rabbits, no injury occurred if the eye was irri- 
gated within four seconds.’ 

Long-term treatment is unsatisfactory and 
primarily symptomatic. Tarsorrhaphies provide 
the most comfort but must be complete. Corne- 
al transplants in our patients have done poorly, 
but in a case from the U.S. Air Force, a success- 
ful graft for more than 18 months was obtained 


in a patient with methyl ethyl ketone peroxide 
keratitis (unpublished data). 

Mustard gas is reactive toward tissue proteins 
and forms protein derivatives with new immu- 
nologic specificity. Mustard gas-collagen has 
different physical and chemical properties and 
invokes an immune mediated inflammatory re- 
action in rabbits when implanted subcutane- 
ously.’ The haptens formed by combination of 
mustard gas with collagen provide a constant 
immunologic stimulus for development of de- 
layed mustard keratitis. The cornea must be 
alive for the reaction to develop, and in the 
absence of vascularization (that is, prevention 
of immunologic cells contacting the new anti- 
gens), the initial mustard gas lesion heals with- 
out long-term consequences.’ The importance 
of corneal vascularization is further highlight- 
ed because immunologic rejection of corneal 
grafts is almost always heralded by ingrowth of 
blood vessels from the corneoscleral limbus.” 
Methyl ethyl ketone peroxide is also a highly 
reactive chemical and causes severe lipid perox- 
idation when injected into rats.” Apart from 
progressively destroying lipids and proteins,” 
methyl ethyl ketone peroxide has the ability to 
cause molecular alteration of tissue macromol- 
ecules, such as DNA.’ The acute ocular effects 
of methyl ethyl ketone peroxide may be caused 
by its corrosive, peroxidative reactivity toward 
tissues causing corneal necrosis, ulceration, 
and demyelination of nerves. By analogy with 
mustard gas, the possible mechanism for the 
delayed ocular effects may be the result of 
methyl ethyl ketone peroxide altering corneal 
macromolecules (proteins and lipids) so that 
new, albeit probably weak, antigens are creat- 
ed. This results in an autoimmune response 
directed at the cornea, which causes the ob- 
served delayed keratitis and exacerbation of the 
condition by otherwise innocuous stimulants. 

Since current treatment of serious methyl 
ethyl ketone peroxide injury has been univer- 
sally poor, we suggest the following treatment. 
The initial chemical irritation and subsequent 
early inflammation probably play a major role 
in the observed neovascularization of the cor- 
nea. Since the absence of blood vessels is a 
major factor in conferring immune privilege to 
the cornea, reduction of corneal vascularization 
after methyl ethyl ketone peroxide injury may 
attenuate the chronic ocular complications as- 
sociated with methyl ethyl ketone peroxide. 
This may be partially achieved by topical! ocular 
corticosteroids, lubricants, reduction of exter- 
nal stimuli by using goggles or patching, and as 
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few irritating topical ocular medications as pos- 
sible. If the strong peroxidative property of 
methyl ethyl ketone peroxide is the major factor 
in the acute injury with antigenic hapten for- 
mation, then theoretically antioxidents such as 
oral or injectable vitamin E (alpha-tocopherol), 
or topical ocular sulphydryl agents, (acetykcys- 
teine) may aid in limiting progressive peroxida- 
tive reactions. Supplementary vitamin E pro- 
vides protection against lipid peroxidation 
induced by intraperitoneal injection of methyl 
ethyl ketone peroxide in rats.” Topical use of 
N-acetylcysteine is theoretically attractive be- 
cause it is not only an antioxidant, but it is also 
a substrate for the formation of glutathione, a 
potent natural antioxidant and scavenger of 
free radicles. N-acetylcysteine is also an effec- 
tive irreversible inhibitor of collagenase re- 
leased during the corneal inflammatory re- 
sponse and thus is able to limit damage caused 
by this proteolytic enzyme." Initial therapy is 
to limit the chemical reaction, probable antigen 
formation, irritation, and pannus formation. 
Equally important is the management of the 
various degrees of hypoesthesia with total loss 
of corneal and conjunctival sensitivity in severe 
cases,” 

Our hypothesis is consistent with the known 
chemical properties of methyl ethyl ketone per- 
oxide but needs to be tested experimentally. 
Until this is done, the suggested therapeutic 
treatment modes may be beneficial. Regardless, 
the patient’s prognosis initially must be guard- 
ed until the clinical course develops. Once an 
extensive pannus develops and interstitial ker- 
atitis is established, the outlook is universally 
poor. The key to treatment is prevention, imme- 
diate topical ocular anesthetic followed by irri- 
gation, and possibly industries may be forced to 
require safety goggles for workers who use 
methyl ethyl ketone peroxide. 
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Topical Use of Cyclosporine in the Treatment of Vernal 


Keratoconjunctivitis 


Antonio G. Secchi, M.D., M. Sofia Tognon, M.D., and Andrea Leonardi, M.D. 


We treated 11 patients with vernal kerato- 
conjunctivitis for four to nine months with 
topical cyclosporine as a 2% dilution in castor 
oil. No significant side effects occurred, except 
for mild and transient burning upon adminis- 
tration. Within the first 15 days, both symp- 
toms and signs of the condition improved 
significantly, and these results were main- 
tained throughout the entire treatment. Re- 
lapses of the disease occurred two to four 
months after the end of the therapy. A double- 
masked clinical trial of nine patients (2% cy- 
closporine in castor oil vs castor oil alone) 
confirmed the results. Treated eyes improved 
significantly for both signs and symptoms as 
compared to control eyes. Topical cyclospor- 
ine may, therefore, be considered an effective 
substitute for corticosteroids, with an excel- 
lent anti-inflammatory activity in patients 
with both corticosteroid-dependent and cor- 
ticosteroid-resistant vernal keratoconjuncti- 
vitis. 


Cvycrosrorine, an immunomodulator, has al- 
ready been used widely in the treatment of such 
ocular inflammatory conditions as noninfec- 
tious, corticosteroid-resistant, sight-threaten- 
ing uveitis and corneal graft rejection. Recent 
additions to the list of ocular diseases that are 
sensitive to cyclosporine include birdshot reti- 
nochoroidopathy, serpiginous choroiditis, and 
severe cases of intermediate uveitis. Several 
investigations have demonstrated that the mod- 
ulation of the helper/suppressor interaction 
and the inhibition of the interleukin production 
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(mainly interleukin-2), both phenomena in- 
duced by the systemic use of cyclosporine, were 
highly effective in the treatment of severe ocu- 
lar diseases of immunologic origin.” 

The mode of action of cyclosporine, however, 
suggests its possible use in the topical treat- 
ment of immunologically mediated outer eye 
inflammations. BenEzra and associates” report- 
ed that topical cyclosporine is effective in the 
treatment of vernal keratoconjunctivitis with- 
out any side effects. Holland and associates” 
reported excellent results with the use of cyclo- 
sporine in severe cases of ligneous conjunctivi- 
tis. 

We used topical cyclosporine in the long-term 
treatment of 11 patients with vernal keratocon- 
junctivitis. Many of the patients were at least 
partially sensitive to high dosages of topical or 
systemic corticosteroids, with no other drug 
being effective in controlling their clinical signs 
and symptoms. The topical use of cyclosporine 
was assumed to be useful in these patients as a 
substitute or as a substantial sparing factor for 
corticosteroids. The drug would permit the use 
of weaker preparations at a lower concentration 
with less frequent daily administrations and 
shorter treatment time. 


Patients and Methods 


Cyclosporine for topical use was diluted un- 
der sterile conditions from an intravenous 
preparation (Sandimmun, Sandoz) at a 2% con- 
centration in castor oil. A 1% suspension in 
balanced salt solution was prepared and used 
in a short-term pilot study on four patients with 
vernal keratoconjunctivitis. This pilot investi- 
gation was performed for three months: two 
months of therapy (two drops every six hours in 
both eyes with weekly clinical controls) and 
one month of observation. 

Eleven patients with vernal keratoconjunc- 
tivitis were admitted at a later time into the 
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formal study after a complete washout of at 
least seven days. Signs and symptoms of the 
disease were recorded at entry, Day 15, Day 30, 
and then monthly for the duration of the treat- 
ment (four to nine months). 

The symptoms (itching, photophobia, tear- 
ing, foreign body sensation, secretion, and dry- 
ness) were graded according to the following 
score: 0 (absent), 1 (mild), 2 (moderate), 3 
(severe), and 4 (extremely severe), with a total 
of 24 possible points. The signs (conjunctival 
hyperemia [bulbar, superior tarsal, and inferior 
tarsal], conjunctival chemosis, corneal and lim- 
bal infiltrates, follicles, papillae, giant papillae, 
and secretion) were graded 0 (absent) or 1 
(present), with a total of nine possible points. 

All patients were informed of the aim of the 
experiment and were reliable enough to ensure 
the best possible compliance throughout the 
entire treatment. In four patients, the systemic 
levels of cyclosporine were measured at Day 30; 
the test was performed by radioimmunoassay 
with polyclonal antibodies. 

To control our open study, a double-masked 
clinical trial was performed in a group of nine 
patients with the conjunctival tarsal, limbal, or 
both types, of vernal keratoconjunctivitis. In 
these patients, one eye was treated with 2% 
cyclosporine in castor oil four times a day for 15 
days, whereas the fellow eye was treated with 
castor oil alone. Neither the patient nor the 
investigator were aware of which eye received 
which type of eyedrop. Symptoms and signs 
were measured seven and 15 days after begin- 
ning the treatment. The results were analyzed 
with the sign test and the Wilcoxon nonpara- 
metric test. 


Results 


Pilot Trial 

Four patients who had the conjunctival tarsal 
form of vernal keratoconjunctivitis began topi- 
cal treatment with 1% cyclosporine in balanced 
salt solution four times a day placed in the 
lower fornix. In three patients the subjective 
response to this treatment was good, beginning 
from Day 5 to Day 7, and continuing through- 
out the two months of therapy. The objective 
signs of the disease, particularly hyperemia and 
secretion, showed a substantial reduction. No 
additional therapy was required during the tri- 
al. The only side effect was occasional, tran- 


sient, mild burning upon instillation of the 
drug. The fourth patient had to stop the trial 
after one week of treatment, because of a wide 
corneal de-epithelialization. Fifteen to 30 days 
after the end of the treatment, during which no 
other therapy was given, all four patients had 
complete relapse of the disease. 


Open Trial 

Eleven patients with conjunctival tarsal, lim- 
bal, or both types, of vernal keratoconjunc- 
tivitis were admitted into the study. Nine of the 
patients were between 7 and 17 years of age, 
and two, who had a chronic form of the disease, 
were 26 and 27 years of age. Cyclosporine 2% in 
castor oil was placed in the lower fornix four 
times a day for a minimum period of four 
months and a maximum of nine months (range, 
six + three months). Table 1 shows the results 
of the open trial. 

The improvement in both symptoms and 
signs of the disease was clear and statistically 
significant by Day 15 of treatment (P < .01). 
This improvement was even greater in the re- 
maining period for both symptoms and signs. 

Of 11 patients, eight (73%) reported some 
burning upon instillation of the drug, stronger 
in the first days of treatment and milder there- 
after. One patient showed transient punctate 
defects of the corneal epithelium that healed 
spontaneously with suspension of the treat- 
ment for two days. No other collateral symptom 
or sign was noted. Intraocular pressure was not 
affected. Visual acuity was usually improved, 
mainly because of a substantial decrease in 
photophobia. 

Three patients showed a substantial exacer- 
bation of their symptoms and signs during the 
course of the treatment. These patients had a 
severe type 1 reactivity (IgE mediated) to multi- 
ple allergens with high levels of reaginic anti- 
bodies in both serum and tears; two of these 
patients had this problem during the pollen 
season. These three patients needed additional 
therapy with 1% to 2% dexamethasone, two to 
four times a day for three to eight days, and 
milder corticosteroids when necessary. In the 
other eight patients, no additional therapy was 
required throughout the study. 

The blood level of cyclosporine was mea- 
sured in four patients after one month of treat- 
ment. In all instances this level was below the 
minimum that could be measured by radioim- 
munoassay with polyclonal antibodies (30 ng/ 
ml of total blood), which demonstrated that 
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TABLE 1 
SYMPTOMS AND SIGNS OF PATIENTS IN OPEN TRIAL 
WITH CYCLOSPORINE TREATMENT OF VERNAL 


KERATOCONJUNCTIVITIS* 
SYMPTOMS SIGNS 
—.qK ——__LENGTH OF 
CASE NO., ENTRY DAY 15 END ENTRY DAY 15 END TREATMENT 
AGE (YRS) (TOTAL = 48 POINTS) (TOTAL = 18 POINTS) (Mos) 
"42 12 6 0 9 4 3 7 
2,11 40 20 0 12 11 4 4 
3,7 24 16 0 16 14 2 6 
4,7 24 0 0 10 4 4 4 
5, 10 30 10 0 14 6 4 7 
6, 11 32 4 0 16 6 4 7 
oar 36 18 2 12 6 6 11 
8, 26 23 10 14 16 12 4 4 
9,12 21 5 0 16 6 2 F 
10,7 14 8 2 10 7 4 6 
i Pi d 34 8 6 18 12 10 5 


MEAN 26.36 9.36 2.18 13.54 800 4.00 


+ + a a — a Ea 


S.E. 2.68 1.87 1.31 0.93 1.07 0.66 


*Results of the sign test for symptoms were as follows: entry 
vs Day 15, P < .01; entry vs end, P < .01; and Day 15 vs end, P 
< .01. Results of the sign test for signs were as follows: entry vs 
Day 15, P < .01; entry vs end, P < .01; and Day 15 vs end, P < 
01. 


topical treatment was not followed by any sys- 
temic, potentially dangerous, accumulation of 
the drug. 

Of the 11 patients, six continued treatment, 
whereas the other five patients underwent a 
relapse of the disease between two and four 
months after the end of the trial. Two of these 
patients continued using topical cyclosporine 
with excellent results. The other three patients 
were treated successfully with 4% topical cro- 
molyn sodium four times a day. 


Double-Masked Trial 

Nine patients with the conjunctival tarsal, 
limbal, or both types, of vernal keratoconjunc- 
tivitis were admitted, after giving informed 
consent, to a double-masked clinical trial. One 
eye was treated with 2% cyclosporine in castor 
oil and the fellow eye was treated with castor oil 
alone from an identical container four times a 
day for 15 days. Neither the patients nor the 
investigator were aware of which treatment was 
given to which eye. Signs and symptoms of the 
disease were recorded at entry, Day 7, and Day 
15. We believed it was unethical to continue the 


trial for more than 15 days, because almost all 
of the patients had a dramatic difference be- 
tween the behavior of the two eyes during the 
course of the trial. Table 2 summarizes the 
results of the double-masked trial. Topical cy- 
closporine caused a significant reduction in 
symptoms after seven days of treatment (sign 
test, P < .01). The decrease was even greater 
after the second week. Control eyes, however, 
failed to show any significant change during the 
two weeks of the trial. After seven days of 
treatment with cyclosporine there was a signifi- 
cant improvement also in the signs of the dis- 
ease (sign test, P < .01), and this improvement 
was maintained through the second week of 
therapy. Control eyes, again, showed no 
change as compared to the pretreatment scor- 
ing. The mean score for cyclosporine-treated 
eyes vs placebo-treated eyes was significantly 
different for both signs and symptoms of the 
disease, at both Day 7 and Day 15 (Wilcoxon 
test, Table 2). 


Discussion 


Cyclosporine has a selective inhibitory effect 
on helper T lymphocytes’ and on the expression 
of the HLA-DR determinant on the surface of 
cells involved in immunologically mediatec in- 
flammations.’ Cyclosporine, therefore, is highly 
effective in the control of cell-mediated immu- 
nopathologic conditions, and it is also believed 
to play some role in the control of immediate 
hypersensitivity reactions through an inhibi- 
tion of the T-cell and B-cell cooperation. Exper- 
imental studies in animal models have shewn 
that the topical administration of cyclosporine 
allows significant levels of the drug in the 
corneal epithelium, stroma, and sclera. The 
high liposolubility of cyclosporine should also 
yield significant levels of the drug through the 
conjunctiva. It is, therefore, appropriate to con- 
sider the use of topical cyclosporine in the 
treatment of immunologically mediated cornea! 
and conjunctival diseases, in which cell-medi- 
ated immunopathologic diseases seem to play a 
pathogenic role. 

Our clinical trial demonstrated that topical 
cyclosporine is effective in controlling the 
symptoms and signs of both conjunctival tarsal 
and limbal forms of vernal keratoconjunctivitis. 
The symptoms responded more readily and ina 
more substantial way to the treatment, whereas 
the signs such as papillary hyperplasia or giant 
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TABLE 2 
SYMPTOMS AND SIGNS OF PATIENTS IN DOUBLE-MASKED TRIAL WITH CYCLOSPORINE TREATMENT OF VERNAL 
KERATOCONJUNCTIVITIS* 
SYMPTOMS SIGNS 
ENTRY DAY 7 DAY 15 ENTRY DAY 7 DAY 15 
CYCLO- CYCLO- CYCLO- CYCLO- CYCLO- CYCLO- 
CASE NO., SPORINE PLACEBO SPORINE PLACEBO SPORINE PLACEBO SPORINE PLACEBO SPORINE PLACEBO SPORINE PLACEBO 
AGE (YRS) (TOTAL = 24 POINTS) (TOTAL = 9 POINTS) 

1,9 7 8 1 8 1 10 7 7 3 8 4 8 
2, 11 7 7 2 rá 1 6 Fi 7 3 7 4 8 
3, 29 11 11 5 9 £ 10 T 7 5 7 4 8 
4,6 § 5 1 2 Q 1 6 6 3 4 3 4 
5,6 8 8 2 8 2 7 7 7 3 7 3 6 
6, 13 6 6 5 7 1 2 6 6 5 7 4 6 
7,13 7 5 3 5 0 6 8 6 6 7 5 T 
8, 8 9 8 5 7 2 2 7 6 á 7 3 3 
9,6 8 8 3 6 1 8 8 8 4 8 4 Fá 
MEAN 75 7.3 3.0 6.5 1.3 I f 7.0 6.6 4.0 6.8 3.7 6.3 

+ + + + + + + + + + + + + 
A A 0.68 0.62 0.55 0.69 0.41 1.14 0.23 0.23 0.37 0.38 0.22 1.6 





*Results of the Wilcoxon nonparametric test (cyclosporine-treated eyes compared to placebo-treated eyes) for the symptoms were 
as follows: at entry, not significant; at Day 7, P < .0037; and at Day 15, P < .005. Results of the Wilcoxon nonparametric test for the 
signs were as follows: at entry, not significant; at Day 7, P < .001; and at Day 15, P < .008. Results of the sign test for the symptoms for 
cyclosporine were as follows: entry vs Day 7, P < .01; entry vs. Day 15, P < .01; and Day 7 vs Day 15, P < .025. Results of the sign test 
for the symptoms for placebo were not significant. Results of the sign test for the signs for cyclosporine were as follows: entry vs Day 7, 
P < .01; entry vs Day 15, P < .01; and Day 7 vs Day 15, not significant. Results of the sign test for the signs for placebo were not 
significant. 


papillae showed little change in the relatively therapeutic addition. Two patients who had 
short time of our trial. relapses after suspension of the treatment were 

Cyclosporine 2% solution in castor oil seems then successfully treated with 4% cromolyn 
to be better tolerated than 1% suspension in sodium. Before treatment with cyclosporine, 
balanced salt solution. A few patients treated the use of corticosteroids was required in both 
with the balanced salt solution suspension of these patients. This might imply that cyclo- 
showed severe lesions of the corneal epithelium sporine has been active on the cell-mediated 
within the first week of treatment. Conversely, pathogenic component of the disease, whereas 
the patients treated with the caster oil solution 4% cromolyn sodium was subsequently capable 
alone had only mild and transient discomfort, of counteracting the immediate pathogenic 
and minor epithelial changes. mechanism of vernal keratoconjunctivitis. 

Within the terms of our experiment, the effec- Topical cyclosporine represents an important 
tiveness of cyclosporine was temporary, in that addition to the therapeutic armamentarium for 
virtually all patients had relapses within four several immunopathologic diseases of the outer 
months after the end of the trial. Four to nine eye, which until now were only and not always 
months of continuous treatment did not pre- sensitive to corticosteroids. 


vent recurrence of the disease upon suspension 
of the drug. Topical cyclosporine, however, may 
be administered for long periods or in repeated References 
cycles without side effects. 

Topical cyclosporine has been, in our pa- 
tients, an excellent substitute for corticoste- 1. Larsson, E. L.: Cyclosporin A and dexametha- 
roids, which have seldom been required as a sone suppress T-cell responses by selectively acting 
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OPHTHALMIC MINIATURE 

In the midst of the struggle, Lummis went on a dig to Guatemala, where he 
contracted what he called jungle blindness. His sight completely gone, he 
enlisted his 12-year-old son Quimu, the child who remained with him, to 
act as guide. (Both blindness and paralysis are classic forms of what Freud 
called hysterical conversion.) It is not farfetched to suppose that Lummis’ 
two prolonged debilities were psychogenic in origin. 

David Roberts, A Tough Little Guy Became the Original Southwest Booster 


Smithsonian, May, 1990, p. 126 








The Corneoscleral Limbus in Human Corneal Epithelial 


Wound Healing 


Harminder S. Dua, M.D., and John V. Forrester, M.D. 


We studied re-epithelialization of the ocu- 
lar surface in 17 human eyes (14 patients) with 
large corneal and conjunctival abrasions. We 
focused on the healing of the limbal region. 
During re-epithelialization, cell movement 
was found to occur circumferentially along 
the corneoscleral limbus and centripetally 
from the corneoscleral limbus. In no patient 
did the central corneal defect close before the 
corneoscleral limbus had first re-epithelial- 
ized completely. Normal limbal healing was 
observed to occur by circumferentially mi- 
grating tongue-shaped corneal limbal epithe- 
lium. These tongue-shaped projections devel- 
oped from either side of the remaining intact 
epithelium and advanced along the corneo- 
scleral limbus until they met. A centripetal 
movement of cells from the corneoscleral lim- 
bus then completed the healing process. In 
three patients, however, the advancing con- 
junctival epithelium extended across the cor- 
neoscleral limbus before the tongue-shaped 
projections of corneal limbal epithelium had 
met. The surface of the cornea covered by 
conjunctival epithelium was thin and irregu- 
lar, and later showed peripheral scarring, vas- 
cularization, and recurrent erosions. 


Many pususHep REPORTS on the healing of 
corneal epithelial wounds have come from ex- 
perimental studies on animals’ and in vitro 
studies on animal‘ and human’ corneal epitheli- 
al cell cultures. Animal studies have confirmed 
that corneal epithelial healing occurs by the 
processes of cell migration and cell multiplica- 
tion.^ Evidence derived mostly from animal 
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experiments has been used to indicate that the 
process of cell multiplication occurs predomi- 
nantly at the corneoscleral limbus.*" The con- 
cept of limbal stem cells as the source of multi- 
plying and migrating epithelial cells is now 
widely accepted.” A continuous centripetal 
movement of cells from the corneoscleral lim- 
bus to the center of the cornea is believed to 
occur during replicative epithelial turnover. 
This centripetal movement from the peripheral 
stem cells of the cornea is exaggerated after 
traumatic epithelial cell loss.*’ 

Studies on corneal epithelial wound healing 
in humans have also illustrated similar centrip- 
etal cell movement.'*” Limbal stem cells in the 
rabbit cornea have been demonstrated by spe- 
cific staining,” but no identification of these 
cells in humans has been made. We studied the 
healing of large corneal epithelial wounds in- 
volving the corneoscleral limbus in 14 patients. 


Patients and Methods 


Fourteen men (17 eyes) with extensive ocular 
surface abrasions who were examined at the 
Eye Casualty Department of the Aberdeen Roy- 
al Infirmary over a period of 3% years were 
included in this study. In all but one of these 
patients the corneoscleral limbus was affected 
to a lesser or greater extent and the abrasion 
extended on either side to involve the cornea 
and conjunctiva. The corneal epithelial loss 
ranged from 31.8% to 85.7% of the total surface 
area of the cornea at initial examination as 
measured by planimetry of fluorescein-stained 
color photographs (Table). The nature of injury 
causing the abrasion, the percentage area of the 
corneal abrasion, and the percentage of limbal 
involvement were noted (Table). All patients 
were initially examined within 12 hours of 
injury. 

Eyes with chemical injuries were irrigated 
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TABLE 
CLINICAL CHARACTERISTICS OF PATIENTS WITH CORNEAL ABRASIONS 





CASE NO., CAUSE WOUND AREA AT LIMBAL 
AGE (YRS) EYE OF INJURY MANIFESTATION (%) INVOLVEMENT (%) TREATMENT 
1, 34 LE. Alcohol* 95.0 215 — 
2, 30 LE. Plastert 48.3 15.6 Prednisolone sodium phosphate 
3, 26 LE, Plaster 85.7 67.0 — 
4, 28 R.E. Alcohol 77.6 66.3 Betamethasone sodium phosphate, 
acetylicysteine 5% 
5, 36 R.E. Acid 60.2 Nil — 
L.E. 52.2 Nil — 
6, 35 LE: Alcohol 37.4 10.6 — 
7, 40 R.E. Ammonia 54.1 17.3 Betamethasone sodium phosphate, 
LE. 59.6 54.4 acetylcysteine 5% 
8, 43 R.E. Ammonia 35.6 12.2 Prednisolone sodium phosphate 
9, 21 LE. Boiling water 75.3 65.2 — 
10, 31 R.E. Plaster 73.0 56.0 Prednisolone sodium phosphate 
11, 29 R.E. Alcohol 81.8 57.0 — 
L.E. 51.5 18.0 — 
ta, be LE. Plaster 48.0 12.4 — 
13, 48 LE. Alcohol 31.8 14.2 — 
14, 37 R.E. Plaster 13 58.1 Betamethasone sodium phosphate 





*Alcohol-based cleaning fluids. 
‘Cement and lime plaster used in the building industry. 


with saline for 20 to 30 minutes. In all eyes, one 
drop of benoxinate hydrochloride 0.4% was 
instilled into the conjunctival sac before slit- 
lamp examination. Particulate matter, if noted, 
was removed from the eyelid margins, conjunc- 
tival sac, and corneal surface. One drop of 1% 
fluorescein was instilled and the cornea was 
photographed with a fundus—anterior segment 
camera using a blue filter. The extent of con- 
junctival involvement was also photographed 
as far as possible by asking the patient to look 
in different directions and by manually retract- 
ing the eyelids. All affected eyes were treated 
with topical antibiotics (chloramphenicol eye- 
drops four times a day), mydriatic and cyclople- 
gic eyedrops (cyclopentolate hydrochloride 1% 
three times a day), and covered with a patch. 
Six patients also received topical corticoste- 
roids in the form of betamethasone sodium 
phosphate every two hours for the first two days 
and then four times daily (three patients) and 
prednisolone sodium phosphate four times a 
day (three patients). Two of the patients who 
were treated with topical betamethasone sodi- 
um phosphate also received 5% acetylcysteine 
eyedrops four times a day (Table). The three 


patients with bilateral abrasions and four with 
extensive epithelial denudation were treated as 
inpatients. All eyes were examined daily until 
the abrasion healed. The cornea and conjuncti- 
va were photographed at each examination. 
One drop of benoxinate hydrochloride 0.4% 
was instilled for the purpose of examination if 
the eye was photophobic. 

Planimetry was used to measure the area of 
corneal abrasion. Photographs of the cornea 
with the eyes in the primary position were 
photocopied onto graph paper, the areas of the 
abrasion and the cornea were calculated, and 
the area of the corneal abrasion was expressed 
as a percentage of the total corneal area. 

Limbal involvement was measured by deter- 
mining the number of clock hours affected. One 
clock hour was taken to represent 8.3% of the 
corneoscleral limbus. The area of conjunctiva! 
involvement was not calculated. 

The shape and the direction of movement of 
the advancing edges of the conjunctival, limbal, 
and corneal epithelial sheets were noted every 
day until complete epithelial cover was re- 
established. Patients were followed up for two 
to four months thereafter. 
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Fig. 1 (Dua and Forrester). Case 5. Left, Right eye. Right, Left eye. The patient had an acidic solution splashed 


into the eyes. Note the intact rim of limbal epithelium despite 60.2% of the right cornea and 52.2% of the left 
cornea being abraded. 


large corneal abrasions with an intact corneo- 
scleral limbus in humans." Four (left eye) and 
five (right eye) convex sheets of epithelium 


Results 





The pattern of corneal epithelial wound heal- 
ing was determined by the extent of limbal 
epithelial involvement. One patient (Case 5, 
Table) had bilateral corneal abrasions after an 
accident in which an acidic solution used for 
washing purposes on off-shore oil installations 
had splashed into his eyes. Large portions of 
the right cornea (60.2%) and the left cornea 
(52.2%) were denuded of epithelium. A narrow 
rim of intact epithelium remained at the periph- 
ery along the corneoscleral limbus in both eyes 


appeared at the periphery from the intact epi- 
thelium. These migrated centrally and neigh- 
boring sheets established contact with each 
other along their sides, which left a central 
quadrilateral-shaped (left eye) and a pentago- 
nal-shaped (right eye) denuded area. Further 
migration of these epithelial sheets resulted in 
the formation of ‘’Y’’-shaped contact lines. 
The inferior corneoscleral limbus was affect- 
ed in the remaining 13 patients (15 eyes). In 
seven eyes, limbal involvement extended above 


the horizontal meridian on one or both sides. 
Six eyes had a total corneal epithelial cell loss 
pattern was characteristic and consistent with of more than 70% and limbal involvement of 
that described previously for the healing of more than 55%. In nine eyes, less than 60% of 


— Y 


Fig. 2 (Dua and Forrester). Case 3. Top left, Day 4 of a healing corneal abrasion caused by plaster. The 
circumferentially oriented tongue-shaped epithelium at the corneoscleral limbus developing from the corneal 
epithelium are seen clearly (curved arrows). A small area or recess of fluorescein-stained conjunctiva extending 
beyond the tip of the tongue-shaped projection is also seen (arrowheads). Top right, Day 5. Note the 
circumferentially advancing tongue-shaped projections along the corneoscleral limbus (curved arrows), the 
staining conjunctival recess (arrowhead), and a broader tongue-shaped projection of conjunctival epithelium 
(white arrow). Middle left, Day 6. The circumferentially advancing tongue-shaped projections are clearly 
visible. Note the convex front formation of the centripetally advancing epithelial sheet (black arrows). The 
centripetally advancing conjunctival epithelium can be seen close to the nasal corneoscleral limbus (white 
arrow). Middle right, Day 7. The advancing conjunctival epithelial sheet has extended across the corneoscleral 
limbus and established contact with the upper limbal tongue-shaped projection (arrow). Bottom left, Week 4. 
The area of cornea covered by conjunctival epithelium is clearly demarcated by the contact line and shows 
stippled fluorescein staining. Bottom right, Week 12. The area of cornea covered by conjunctival epithelium is 
thinner (pooling of fluorescein dye) and buds of corneal epithelium (arrows) can be seen growing into the 
conjunctival epithelium. 


(Fig. 1). These abrasions healed by the centripe- 
tal movement of limbal epithelium. The healing 


Vol. 110, No. 6 Corneoscleral Limbus in Epithelial Healing 646 





650 AMERICAN JOURNAL OF OPHTHALMOLOGY 





the corneal surface and less than 55% of the 
corneoscleral limbus were affected. In contrast, 
the epithelial healing pattern was not charac- 
teristic in these patients. During re-epitheliali- 
zation, migration of epithelial sheets occurred 
in two directions: centripetally across the cor- 
neal surface, and circumferentially at the cor- 
neoscleral limbus from the remaining intact 
epithelium. The centripetally migrating epithe- 
lial sheets had convex advancing edges. Limbal 
healing occurred by the formation of two 
tongue-shaped processes on the corneoscleral 
limbus at either end of the remaining intact 
epithelium (Fig. 2, top left, top right, middle 
left; Fig. 3, top left; and Fig. 4, top left, top 
right). An area or recess that stained with fluo- 
rescein was always seen on the conjunctival 
side of these processes (Fig. 2, top left, top 
right, middle left; and Fig. 3, top left). The 
tongue-shaped processes migrated circumfer- 
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Fig. 3 (Dua and Forrester). Case 10. Top left, Day 3 
of a right corneal abrasion caused by plaster. The 
limbal tongue-shaped projections are beginning to 
form (arrows). A small area or recess of fluorescein- 
stained conjunctiva extending beyond the tip of the 
tongue-shaped projection is also seen (arrowhead). 
Top right, Day 6. The tongue-shaped projections 
have met on the corneoscleral limbus to enclose a 
large central abrasion. Bottom left, Day 8. The central 
abrasion has assumed a quadrilateral shape and 
shows convex fronts. 


entially along the corneoscleral limbus until 
they met (Fig. 3, top right, and Fig. 5, bottom 
left). A contact line could be seen at this point 
(Fig. 5, bottom left). The cells that formed the 
tongue-shaped processes did not extend further 
than 2 to 3 mm beyond the corneoscleral limbus 
on the conjunctival side. Occasionally, similar 
circumferentially oriented projections of con- 
junctival limbal epithelium were seen separat- 
ed from the corneal projections by a small 
notch (Fig. 2, top right, and Fig. 5, top left). 
Complete epithelial cover of the corneal surface 
was not re-established until limbal healing was 
first completed. Once the limbal defect was 
covered by the advancing tongue-shaped proc- 
esses, subsequent healing proceeded with the 
formation of convex sheets or fronts of epitheli- 
um that met each other to give the abrasion a 
geometric shape and eventually form single or 
double ‘’Y’’-shaped contact lines, as described 
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for the patient in Case 5 (Fig. 3, bottom left, and 
Fig. 5, bottom left, bottom right). 

Of the 15 eyes with limbal involvement, 12 
healed in this manner. In the remaining three, 
although the tongue-shaped processes of epi- 
thelial cells appeared at the ends of the remain- 
ing intact epithelium and migrated circumfer- 
entially, they did not make contact with each 
other. Instead, the advancing edge of the heal- 
ing conjunctival epithelial sheet reached and 
extended across the corneoscleral limbus, es- 
tablishing contact on either side with the cir- 
cumferentially migrating tongue-shaped corne- 
al epithelial processes (Fig. 2, middle right, and 
Fig. 4, top left, bottom left). The sheet of con- 
junctival epithelium rapidly covered the re- 
maining defect on the corneal surface. A con- 
tact line was clearly visible between 
conjunctival and corneal epithelial sheets. This 
was well defined but did not assume a “Y” 
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Fig. 4(Dua and Forrester). Case 9. Top left, Day 3 of 
a large abrasion caused by steam and boiling water. A 
sheet of conjunctival epithelium has extended across 
the superior corneoscleral limbus (white arrow) and 
established contact with a circumferentially oriented 
limbal tongue-shaped projection (curved arrow). Top 
right, Day 9. A contact line is seen between the upper 
conjunctival epithelial and lower corneal epithelia! 
sheets (white arrows). Nasally, limbal tongue- 
shaped projections are seen to develop from the 
upper conjunctival and lower corneal epithelium 
(curved arrows). Bottom left, Week 4. A recurrent 
erosion is seen at the point of contact of the conjunc- 
tival and corneal epithelial sheets (arrow). 


shape (Fig. 2, middle right, bottom left, and Fig. 
4, top right). The layer of conjunctival epitheli- 
um covering the cornea was thinner than the 
adjacent newly formed corneal epithelial! layer. 
On slit-lamp examination, the conjunctival! epi- 
thelium covering the cornea showed an irregu- 
lar surface and had an exaggerated stippled 
appearance (Fig. 2, bottom left). On no occa 
sion did the advancing corneal epithelial sheet 
migrate across the corneoscleral limbus to af- 
ford cover to bare conjunctiva. 

On follow-up examination two months after 
complete healing, one of these patients showed 
a wedge-shaped area of thin conjunctiva be- 
tween two tongue-shaped processes (Fig. 6) 
and had a recurrent corneal erosion at this site. 
At four months, this site developed a wedge- 
shaped epithelial scar with superficial vessels. 
Four weeks after complete healing, the second 
of these patients still showed a thin irregular 
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Fig. 5 (Dua and Forrester). Case 1. Top left, Day 2 of a large abrasion affecting the cornea, corneoscleral limbus, 
and conjunctiva caused by an acidic solution. A circumferentially oriented limbal tongue-shaped projection is 
seen (white arrow) and is separated from a similar projection of the adjoining conjunctiva (black arrow) by a 
small notch. Top right, Day 3. A large temporal and a small nasal circumferentially oriented limbal tongue- 
shaped projection are seen (arrows). Bottom left, Day 4. A contact line (arrow) is clearly visible along the points 
of contact between the limbal tongue-shaped projections. The contact line can be seen to extend across the 
corneoscleral limbus between the points of contact of similar conjunctival projections. A well-defined triangular 
central abrasion remains. Bottom right, Day 5. A ‘’Y’’-shaped contact line. Small arrows point to each of the 
small limbs of the “Y” and a large arrow to the long limb. 


area corresponding to the region of conjuncti- 
val epithelial cover (Fig. 2, bottom left) and had 
begun to attract new vessels from the conjuncti- 
val side of the corneoscleral limbus. At 12 
weeks, tiny buds of corneal epithelium had 
appeared all along the line of contact between 
conjunctival and corneal epithelial sheets (Fig. 
2, bottom right). Four weeks after complete 
healing had occurred, the third patient had 
pain in the eye. A small recurrent erosion had 
developed at one point along the line of contact 


between conjunctival and corneal epithelial 
sheets (Fig. 4, bottom left). 

The rate of healing of corneal abrasions with 
limbal involvement was determined by calcu- 
lating the percentage area of the corneal epithe- 
lial defects on successive days. Resurfacing of 
the corneal epithelium, as measured by the 
percentage reduction in the area of the defect 
each day, occurred in a linear manner, which 
indicated a constant rate of epithelial migration 
throughout the healing process. The average 
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healing time of epithelial defects involving less 
than 60% of the cornea and less than 55% of the 
corneoscleral limbus was six days, and the aver- 
age healing time of defects involving more than 
70% of cornea and more than 55% of the 
corneoscleral limbus was 11 days (Fig. 7). 


Discussion 


The corneoscleral limbus has been identified 
as the probable source of cells for the renewal of 
corneal epithelium. Several in vivo and in vitro 
studies have reported evidence to indicate a 
centripetal movement of cells from the corneo- 
scleral limbus. Ebato, Friend, and Thoft® cul- 
tured human corneal epithelium from different 
regions of the cornea and found that the highest 
mitotic rate and shortest doubling time were 
shown by limbal cells. Buck? marked the limbal 
epithelium and adjacent stroma with India ink 
in mice and noted that the epithelium moved 
centrally, leaving behind the ink that remained 
in the stroma. We previously studied the heal- 
ing of large corneal abrasions in humans and 
described convex sheets of epithelium that ap- 
peared at the corneoscleral limbus and migrat- 
ed centrally, meeting each other to form contact 
lines.” Lemp and Mathers’ studied corneal 
epithelial cell movements in humans by using 
specular microscopy and found evidence to 
support the centripetal movement of epithelial 
cells in the normal corneal epithelium. They 
hypothesized that the driving force behind the 
central movement of epithelial cells was the 
preferential loss of surface cells by exfoliation 
from the central apex secondary to shearing 
forces of the upper eyelid. This concept was 
summarized by Thoft and Friend,” who sug- 
gested that the maintenance of corneal epitheli- 
al cell mass is dependent upon a continuous 
proliferation and centripetal migration of epi- 
thelial cells and their subsequent exfoliation 
from the corneal surface. 

Repeated mechanical denudation of the cen- 
tral corneal epithelium in rabbits has shown 
that the healing rate of the second wound is 
more rapid than that of the first.” This has been 
explained by suggesting that the younger pe- 
ripheral epithelial cells migrate centripetally at 
the time of the first denudation and therefore 
are capable of responding more rapidly to the 
second trauma. 

A centripetal movement of cells was observed 
in all patients in our study, but, when the 


corneoscleral limbus was affected, a circumier- 
ential migration of small tongue-shaped sheets 
of cells was also seen to occur. This circumter- 
ential movement of cells was unique to the 
corneoscleral limbus. A significant centripetal 
movement occurred from these cells only when 
complete limbal cover was re-established. 
There appears to be a tendency for preferential! 
re-epithelialization of the corneosclera! limbus 
during the healing of human corneal epithe ial 
wounds. In all patients with limbal involve- 
ment, complete central corneal epithelial cover 
was not restored until the limbal epithelium 
had first healed. Once limbal cover was re- 
established by the circumferentially migrating 
tongue-shaped sheets, further healing followed 
the sequential pattern of convex fronts, geo- 
metric shapes, and contact line formation." 
Evidence indicates that a proportion of the 
limbal basal epithelial cells are multipotent 
stem cells for the corneal epithelium‘ 
Schermer, Galvin, and Sun” first provided indi- 
rect evidence for the anatomic location of stem 
cells. They showed that a 64K keratin was 
absent in the basal cells of the rabbit corneo- 
scleral limbus but appeared in the superficial 
cells in that region. They suggested that the 
basal cells that did not stain for the 64K keratin 
were stem cells. These divided and acquired the 





Fig. 6 (Dua and Forrester). Case 14. Eight weeks 
after healing of an abrasion caused by plaster, a 
triangular area of conjunctival epithelium is seen 
interposed between limbal tongue-shaped projec- 
tions (curved arrows). The patient had a recurrent 
erosion at this site. 
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Fig. 7 (Dua and Forrester). Left, The rate of healing of small corneal abrasions affecting less than 60% of the 
corneal surface and less than 55% of the corneoscleral limbus (N = 9). Most abrasions healed in six days. Note 
the exponential decrease in wound area with time. Right, The rate of healing of large corneal abrasions affecting 
more than 70% of the corneal surface and more than 55% of the corneoscleral limbus (N = 6). Most abrasions 
healed within 11 days. Note the exponential decrease in wound area with time. 


64K keratin as they migrated to the center of the 
cornea to become terminally differentiated. 
Bukusoglu and Zieske” developed a monoclo- 
nal antibody that specifically binds to basal 
cells in the rabbit limbal epithelium. They spec- 
ulated that these cells may represent limbal 
stem cells. Matsuda, Ubels, and Edelhauser” 
observed that large corneal epithelial defects of 
8-mm diameter in rabbits healed at a faster rate 
than small defects of 4-mm diameter, which 
suggests that the peripheral corneal epithelium 
has a higher proliferative rate, probably be- 
cause of the stem cells. 

In our study, we noted that large wounds, 
which affected more than 70% of the corneal 
surface and more than 55% of the corneoscleral 
limbus, healed at a slower rate than smaller 
wounds with less than 55% limbal involve- 
ment. This would indicate that a proportion of 
the limbal stem cells were depleted as a result 
of limbal denudation, and the rate of healing 
was consequently retarded. In the rabbit experi- 
ments by Matsuda, Ubels, and Edelhauser,”' 
limbal epithelium was left intact. This could 
account for the faster healing rate they ob- 
served with the larger wounds. As illustrated in 
the patient described in Case 5 (Table) of this 


study and several patients from our previous 
study, it would appear that a zone of cells at the 
corneal periphery, a few millimeters wide, is 
comparatively more resistant to denudation by 
mechanical forces and chemical agents. This 
zone of cells tends to adhere more firmly to the 
basement membrane and, when intact with a 
large central defect, rapidly develops into cen- 
trally migrating convex sheets. When this lim- 
bal zone of cells is lost, however, healing of the 
corneal surface corresponding to this segment 
of the corneoscleral limbus is delayed. It is 
likely that the basal cells of this zone are the 
stem cells for corneal epithelium in humans. 

During limbal healing, we noticed that a 
small recess or area staining with fluorescein 
was always present on the conjunctival side of 
the circumferentially migrating tongue-shaped 
processes. This would suggest that the cells of 
these tongue-shaped processes are derived 
from corneal epithelium and could well repre- 
sent the migration and proliferation of stem 
cells along the corneoscleral limbus. These cells 
later develop into the centripetally migrating 
convex sheets, which further indicates their 
potential to proliferate and suggests their stem 
cell nature. 
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Occasionally, similar circumferentially ori- 
ented projections of conjunctival limbal epithe- 
lium were seen separated from the corneal 
projections by a small notch. On no occasion 
did the corneal projections migrate centrifugal- 
ly to cover adjacent denuded conjunctiva, 
which suggests that these cells are specific for 
the cornea. Although a proportion of cells lo- 
cated on the conjunctival aspect of the corneo- 
scleral limbus may act as stem cells for conjunc- 
tival epithelial renewal, other locations for 
conjunctival stem cells have to be considered. 
Since conjunctival epithelial sheets migrate 
centripetally toward the corneoscleral limbus 
rather than centrifugally from the corneoscleral 
limbus, the conjunctival fornix would appear to 
be a likely site for such cells. 

In three patients, conjunctival epithelium mi- 
grated across the corneoscleral limbus and af- 
forded cover to the corneal surface. In all three 
patients, the area of cornea covered by the 
conjunctival epithelial sheet was thinner and 
the surface irregular. This area also attracted 
new blood vessels and was the focus of recur- 
rent erosions in two patients. In one patient, 
this area formed a small peripheral scar and in 
another patient it was replaced by the corneal 
epithelium. Conjunctival epithelium is well 
known to re-epithelialize corneal epithelial 
defects and undergo several stages of mor- 
phologic transformation to resemble corneal 
epithelium, a process known as conjunctival 
transdifferentiation.”*” Although rapid epi- 
thelialization of the cornea by conjunctival epi- 
thelium appears desirable, it may not be ideal, 
as in the three patients in whom such conjunc- 
tival epithelial cover resulted in a thin and 
irregular corneal surface, attracted new vessels, 
and caused superficial scarring and recurrent 
erosions. 

Srinivasan and associates” described recur- 
rent erosions in rabbits when healing of the 
corneal epithelium occurred in the absence of 
limbal epithelium. Huang and Tseng” de- 
scribed peripheral corneal neovascularization 
in rabbit eyes when wound healing was allowed 
to proceed after complete removal of limbal 
epithelium. 

On the basis of these observations and the 
evidence in our study, it seems reasonable to 
treat such abrasions by preventing the advan- 
cing edges of conjunctival sheets from reaching 
the corneoscleral limbus, for example by me- 
chanical débridement or carbolic cautery, until 
the circumferentially migrating tongue-shaped 
projections of limbal epithelium have met. This 


would ensure corneal epithelial cover for the 
cornea and conjunctival epithelial cover for 
the conjunctiva and would probably reduce the 
occurrence of recurrent erosions, vasculariza- 
tion, and superficial scarring. 
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OPHTHALMIC MINIATURE 
With the gold I had received I purchased a small house on the outskirts of 
the fashionable quarter, furnished it according to my means, and bought a 
slave—a scraggy fellow with one eye, but good enough for me. His name 
was Kaptah. He assured me that his one eye was my good fortune, for now 
he could tell my would-be patients in the waiting room that he had been 
stone blind when I had bought him and that I had given him back partial 


sight. 


Mika Waltari, The Egyptian 


Helsinki, Finland, WSOY, 1983, p. 65 
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Anisocoria in the Pigmentary Dispersion Syndrome 








Robert M. Feibel, M.D., and John C. Perlmutter, M.D. 


We studied four patients with anisocoria 
and the pigmentary dispersion syndrome. 
In all patients, the larger pupil was on the 
side of the greater iris transillumination. The 
amount of anisocoria was between 0.5 and 1.5 
mm and was the same in both the light and 
dark. There was no blepharoptosis, and all 
pupils dilated normally with cocaine. All of 
the patients were young men with myopia, 
and one patient had increased intraocular 
pressure. 


The picMENTARY DISPERSION SYNDROME is a 
well-defined clinical entity, consisting of loss 
of pigment from the posterior layer of the iris 
and its deposition throughout the anterior seg- 
ment of the eye. It is typically seen in young 
males with myopia, and is associated with a 
higher than normal prevalence of open-angle 
glaucoma. Pupillary abnormalities have not 
been reported in this syndrome." 

We studied four patients with anisocoria and 
the pigmentary dispersion syndrome. Anisoco- 
ria was greater than that seen in simple aniso- 
coria and was not related to sympathetic dener- 
vation. 





Case Reports 





Case 1 

A 37-year-old man had pupil measurements 
of 5.0 and 4.0 mm in the dark and 4.0 and 3.0 
mm in the light (Fig. 1). Reaction to light and 
near stimuli were normal. There was no blepha- 
roptosis. Slit-lamp examination disclosed a 
Krukenberg spindle on the cornea of the right 
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eye only and iris transillumination defects in 
both eyes, greater in the right eye than in the 
left eye. The irides were gray, and both pupils 
were round with a normal pupillary ruff. Thirty 
minutes after the instillation of 4% cocaine, 
both pupils dilated to 7.0 mm. Intraocular pres- 
Sure was normal in each eye. Refraction was 
R.E.: —4.25 + 0.50 x 70 and L.E.: —1.00 + 0.25 
x 70. 


Case 2 

A 44-year-old man had pupil measurements 
of 5.0 and 6.5 mm in the dark and 3.0 and 5.0 
mm in the light (Fig. 2). The anisocoria was 
greater in the light than in the dark. Eyelid 
fissures were equal, and 4% cocaine caused the 
pupils to dilate to 7.0 and 7.5 mm. The patient 
showed typical findings of the pigmentary dis- 
persion syndrome with Krukenberg spindles 
and iris transillumination that were greater in 
the left eye than in the right eye. In the right 
eye, the pupillary ruff was missing for the two 
clock hours inferiorly, whereas in the left eye 
the ruff was completely absent for 360 degrees. 
The right pupil was round, but the left pupil 
showed slight peaking at the 6 o’clock meridi- 
an. The pigmentary dispersion was so marked 
that particles of pigment on the anterior iris 
surface gave the normally blue iris a slight 
brown color, which produced a subtle hetero- 
chromia. Intraocular pressure was normal. The 
patient had moderate myopia but no anisome- 
tropia. The patient has been followed up for 
seven years without change in these findings. 


Case 3 

A 32-year-old man had pupil measurements 
of 5.0 and 6.5 mm in the dark and 3.0 and 4.0 
mm in the light (Fig. 3). The patient had 1.0 mm 
of left blepharoptosis, and both pupils dilated 
to 7.0 mm after the instillation of 4% cocaine. 
The patient had Krukenberg spindles and iris 
transillumination defects, greater in the left 
eye. The irides were brown, with atrophy of the 
pigment ruff in the inferior three clock hours in 
both eyes. The patient had moderate myopia 
without anisometropia. He had mild ocular 
hypertension in both eyes, but no glaucoma- 
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Fig. 1 (Feibel and Perlmutter). Case 1. Pupils photographed with the lights on (left) and off (right). 


tous damage to the optic nerve heads or field 
loss. The anisocoria has been present and un- 
changed for four years. 


Case 4 

A 43-year-old man had marked findings of 
the pigmentary dispersion syndrome in both 
eyes, greater in the right eye. Intraocular pres- 
sure was R.E.: 54 mm Hg and L.E.: 27 mm Hg. 
The patient had early glaucomatous damage to 
the right optic nerve, but visual fields remained 
normal. The anisocoria was only 0.5 mm, and 
was the same in both light and dark (Fig. 4). 
Both pupils dilated to 8.0 mm with 4% cocaine. 
In the right iris, the pupil was slightly peaked 
inferiorly with an area of greater pigmentary 
dispersion and iris transillumination, including 
the peripupillary area as well as in the midpe- 
ripheral iris. The pigment ruff was missing in 
the inferior 270 degrees of both eyes. The iris 
color was light brown. Refraction was R.E.: 
—1.00 + 0.50 x 20 and L.E.: —0.50 + 0.25 x 





115. These findings have been noted for six 
years. 





Discussion 





The first question to be considered is whether 
these patients have a simple physiologic aniso- 
coria, and, by chance, the larger pupil is on the 
side of the greater iris transillumination. This is 
possible, but our patients had a degree of pupil- 
lary inequality greater than that seen in simple 
anisocoria. According to Lam, Thompson, and 
Corbett,’ it is rare for simple anisocoria to reach 
1.0 mm. Furthermore, simple anisocoria often 
reverses from one side to the other,’ and this 
was never observed in our patients. 

Another question to address is whether the 
asymmetry in the pigment dispersion is secon- 
dary to the anisocoria. Krebs and associates‘ 
described a patient with a Horner’s syndrome 
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Fig. 3 (Feibel and Perlmutter). Case 3. Pupils photographed with the lig 


in whom the eye with the miotic pupil had 
much less pigment dispersion than the normal 
eye. They hypothesized that the miosis pro- 
duced a greater relative pupillary block, and the 
sluggish pupillary movement associated with 
the Horner’s syndrome reduced the movement 
of the peripheral iris against the zonules and 
thus caused less pigmentary dispersion than in 
the normal eye. None of our patients had any 
clinical or pharmacologic evidence of sympa- 
thetic denervation. Also, this theory requires 
the patients to have two separate disease enti- 
ties, both a primary anisocoria and pigmentary 
dispersion. 

Our patients had no blepharoptosis or ocular 
motor paresis, and testing with cocaine ex- 
cludes a defect of sympathetic innervation. Our 
patients had no findings suggestive of tonic 
pupils, such as light-near dissociation or seg- 
mental contractions of the iris. No patient had 
blurred vision, diplopia, headache, or any neu- 
rologic deficit that might implicate migraine. 
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No history or physical findings suggested iritis. 

The currently accepted hypothesis of the 
pathogenesis of pigmentary dispersion is that 
mechanical friction between anterior packets of 
zonules and the back of the peripheral iris 
cause the pigment loss from the iris.* Since the 
dilator muscle of the iris lies in the posterior 
layer of the iris, perhaps it is affected mechani- 
cally, and thus causes the mydriasis. 

All of these affected eyes had a marked de- 
gree of pigmentary dispersion with massive 
loss of pigment from the posterior iris layer. In 
two patients, the pupillary pigment ruff was 
partially atrophic in both eyes, and in one 
patient (Case 2) it was completely atrophic in 
the affected eye. In two patients, the pupil was 
slightly peaked inferiorly in the direction of the 
atrophic pupillary ruff. Only the patient in Case 
1 had a normal appearance to the affected iris 
and pupil. 

Histologic studies of the iris in this syndrome 
have shown areas of marked change in the 
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smooth muscle of the iris dilator, with areas of 
either atrophy or hypertrophy of the muscle. In 
other areas, dysplasia of the pigment epitheli- 
um into cells that resemble smooth muscle was 
seen.” !” Whether these cells function as muscle 
cells is unknown. Perhaps the mechanical irri- 
tation of the zonules on these cells causes the 
mydriasis. 
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Glucose 6-Phosphate Dehydrogenase Deficiency and 


Cataract of Patients in Northern Sardinia 


T. Meloni, M.D., F. Carta, M.D., G. Forteleoni, M.D., 
A. Carta, M.D., F. Ena, M.D., and G. F. Meloni, M.D. 


We determined the activity level of glucose 
6-phosphate dehydrogenase in 467 patients 
with cataract from northern Sardinia. Of 226 
men, 18 (8%) had glucose 6-phosphate dehy- 
drogenase deficiency. Of 241 women, 30 (12%) 
were heterozygous and two (1%) were homo- 
zygous for glucose 6-phosphate dehydrogen- 
ase deficiency. These prevalences were not 
significantly different from those expected in 
the general population. We concluded that 
patients with glucose 6-phosphate dehydro- 
genase deficiency do not have a higher risk of 
developing cataract. 


ZNKHAM! SUGGESTED an association of cataract 
with glucose-6-phosphate dehydrogenase defi- 
ciency in 1961. The absence of a positive corre- 
lation between glucose 6-phosphate dehydro- 
genase deficiency and cataract was reported by 
Addis and Vitali? in a study of northern Sardini- 
an males and by Panich and Na-NaKorn’ in a 
study on patients of both sexes from Thailand. 
Conversely, a higher prevalence of cataract in 
patients with glucose 6-phosphate dehydro- 
genase deficiency was reported by Orzalesi and 
associates’ in southern Sardinian men who 
ranged in age from 40 to 50 years and by Moro 
and associates? in Sicilian patients of both 
sexes. Because of these conflicting data and the 
availability of a technique that allows a more 
precise classification of normal, homozygous- 
deficient, and heterozygous-deficient women, 
we investigated the correlation between glu- 
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cose 6-phosphate dehydrogenase deficiency 
and cataract. 


Patients and Methods 


We studied 467 cataract patients, 226 men 
and 241 women, from northern Sardinia rang- 
ing in age from 32 to 95 years. The patients 
were recruited between September 1988 and 
October 1989. The cataract subtypes included 
nuclear, posterior capsular, and cortical. All 
cataracts, whether complete or incomplete, re- 
quired surgery and were thus removed. Patients 
with trauma or metabolic diseases were exclud- 
ed. A sample of venous blood was taken from 
the patients to test for glucose 6-phosphate 
dehydrogenase activity level. 

Glucose 6-phosphate dehydrogenase defi- 
ciency was diagnosed in men according to the 
method of Battistuzzi and associates® and in 
women according to the method of Ferraris and 
associates.’ The prevalence of glucose 6-phos- 
phate dehydrogenase deficiency in patients 
with cataract was then compared with that 
found in the general population of the same 
area. During a campaign for the prevention of 
favism, carried out from 1975 to 1977 and using 
the method of Battistuzzi and associates,’ 1,646 
males ranging in age from 8 to 60 years were 
tested; 120 (7%) had glucose 6-phosphate de- 
hydrogenase deficiency (unpublished data). 
Additionally, we assayed the reduced glutathi- 
one in the crystalline lens, using the method 
described by Beutler.’ 


Results 


Of 226 men with cataract, 18 (8%) had glu- 
cose 6-phosphate dehydrogenase deficiency. 
Statistical analysis by the chi-square test 
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TABLE 1 
OBSERVED PREVALENCE OF GLUCOSE 6-PHOSPHATE 
DEHYDROGENASE DEFICIENCY IN MEN WITH 
CATARACT COMPARED WITH PREVALENCE OF MEN IN 
THE GENERAL POPULATION IN NORTHERN SARDINIA 


NORMAL MALE 
SUBJECTS 


MEN WITH 
CATARACT 


NO. PERCENTAGE NO, PERCENTAGE 
(TOTAL = 226) (TOTAL = 1,646) 


Normal level 208 92 1,526 93 
of glucose 
6-phosphate 
dehydrogenase 

Glucose 6-phosphate 18 8 120 7 
dehydrogenase 
deficiency 


showed no significant difference between the 
prevalence observed in these patients and the 
one found in the general male population of 
the same geographic area (Table 1). Of the 241 
women with cataract, 30 (12%) were heterozy- 
gous and two (1%) were homozygous for glu- 
cose 6-phosphate dehydrogenase deficiency. 
These prevalences were similar to those expect- 
ed according to the Hardy-Weinberg law and 
observed in the general female population (Ta- 
ble 2), 

The mean age of men with glucose 6-phos- 
phate dehydrogenase deficiency and cataract 
was 69.33 + 8.19 years. The mean age of men 
with normal glucose 6-phosphate dehydrogen- 
ase levels and cataract was 68.20 + 12.17 years. 
The mean age of women with glucose 6-phos- 
phate dehydrogenase deficiency (both homozy- 
gous and heterozygous) and cataract was 70.59 
+ 10.02 years. The mean age of women with 
normal glucose 6-phosphate dehydrogenase 
levels and cataract was 69.86 + 10.26 years. 
There was no age-related statistical difference. 
The grouping of patients into two age classes 
was not able to disclose a difference in the 
number of patients with glucose 6-phosphate 
dehydrogenase deficiency in either group vs 
controls (Table 3). 

The reduced glutathione assays in the crystal- 
line lens resulted in 39.31 + 4.72 mg/100 g of 
lens in five normal patients; 13.16 + 3.20 mg/ 
100 g of lens in five heterozygous patients; and 
7.7 + 3.17 mg/100 g of lens in five homozygous 
patients. 

Statistical analysis by analysis of variance 
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TABLE 2 
OBSERVED PREVALENCE OF GLUCOSE 6-PHOSPHATE 
DEHYDROGENASE DEFICIENCY IN WOMEN WITH 
CATARACT COMPARED WITH EXPECTED PREVALENCE 
ACCORDING TO THE HARDY-WEINBERG LAW 


WOMEN WITH 
CATARACT 
eo EXPECTED 
NO. PERCENTAGE PREVALENCE 
(TOTAL = 241) (%) 
Normal level of 209 87 86 
glucose 6-phosphate 
dehydrogenase 
Heterozygous glucose 30 12 14 


6-phosphate dehydro- 
genase deficiency 
Homozygous glucose 2 1 1 
6-phosphate dehydro- 
genase deficiency 


showed a statistically significant difference 
among the three groups (P < .0001). Tukey’s 
test showed a significant difference between 
patients with normal glucose 6-phosphate de- 
hydrogenase levels and patients with both het- 
erozygous and homozygous glucose 6-phos- 
phate dehydrogenase deficiency. 


Discussion 


Cataract is a common disease, with several 
etiologic factors. Heredity, latitude, and expo- 
sure to light play important roles in its develop- 
ment. Orzalesi and associates‘ considered glu- 
cose 6-phosphate dehydrogenase deficiency to 
be a predisposing factor for the development of 
cataract. 

Glucose 6-phosphate dehydrogenase does 
not have a basic role in energy metabolism. It is 
the source of the pentoses essential for the 
synthesis of nucleic acid and the reduced nico- 
tinamide adenine dinucleotide phosphate 
(NADPH), which is necessary to convert the 
oxidized glutathione to reduced glutathione. 
The decreased availability of nicotinamide ade- 
nine dinucleotide phosphate caused by oxida- 
tive stress in glucose 6-phosphate dehydrogen- 
ase-deficient red blood cells limits the 
enzymatic activity of glutathione-dependent 
enzymes, such as glutathione reductase and 
glutathione peroxidase. This leads to hemoglo- 
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TABLE 3 


PREVALENCE OF GLUCOSE 6-PHOSPHATE DEHYDROGENASE DEFICIENCY IN PATIENTS WITH CATARACT 
ACCORDING TO AGE AND SEX* 


WOMEN WITH CATARACT 


GLUCOSE 
6-PHOSPHATE 
TOTAL DEHYDROGENASE 
NO. DEFICIENCY 
Younger than 70 years of age 114 15 
Older than 70 years of age 127 17 


*P values were not significant for any of these groups. 


bin oxidation and peroxidation of membrane 
lipids that cause erythrocyte lysis. Normally, 
the low level of enzymatic activity in patients 
with glucose 6-phosphate dehydrogenase defi- 
ciency (Mediterranean variant) is adequate to 
preserve the integrity of red blood cells. 

Glucose 6-phosphate dehydrogenase defi- 
ciency is found in all tissues, including the 
crystalline lens. The failure of the hexose 
monophosphate shunt in the crystalline lens 
was believed to cause a decreased synthesis of 
ribose and a lower turnover of proteins. Low 
levels of reduced glutathione have been found 
in patients with glucose 6-phosphate dehydro- 
genase deficiency.’ This might reduce the solu- 
bility of membrane proteins exposed to the 
peroxides and cause cataract to develop. 

These mechanisms may also be involved in 
the development of cataract in patients with 
chronic hemolytic anemia associated with glu- 
cose 6-phosphate dehydrogenase deficiency. 
Conversely, among 300 patients with chronic 
hemolytic anemia associated with glucose 6- 
phosphate dehydrogenase deficiency, only 
three patients with cataract have been de- 
scribed.” The higher prevalence of glucose 
6-phosphate dehydrogenase deficiency in men 
with cataracts younger than 70 years of age 
(10% vs 7%) did not reach statistical signifi- 
cance (P > .05). 

We found a marked decrease of the reduced 
glutathione in lenses from both heterozygous 
(13.16 + 3.20 mg/100 g) and homozygous 
(7.70 + 3.17 mg/100 g ) patients with glucose 
6-phosphate dehydrogenase deficiency and cat- 
aract (normal, 39.31 + 4.72 mg/100 g). The 
reduced glutathione levels in lenses diminish 
with age and are lower in patients with cata- 
racts. Our data demonstrate that patients with 
a significant decrease in reduced glutathione 


MEN WITH CATARACT 


GLUCOSE 
6-PHOSPHATE 
TOTAL DEHYDROGENASE 
PERCENTAGE NO. DEFICIENCY PERCENTAGE 
13 © 120 12 10 
13 106 6 6 


levels did not have an increased prevalence of 
cataract. 
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Treatment of Traumatic Optic Neuropathy With 


Corticosteroids 


Thomas C. Spoor, M.D., Walter C. Hartel, M.D., Daniel B. Lensink, M.D., 
and Michael J. Wilkinson, M.D. 


We treated 21 patients (22 eyes) with trau- 
matic optic neuropathy by using intravenous 
megadose methylprednisolone (13 patients) or 
high-dose dexamethasone (eight patients). Of 
13 patients treated with megadose methyl- 
prednisolone, 12 had improved visual func- 
tion, as did seven of nine eyes treated with 
intravenous dexamethasone. This difference 
was not significant (P = .3). Initial total blind- 
ness, mechanism of injury, or time from inju- 
ry to treatment did not correlate with visual 
improvement. 


Lirtiz AGREEMENT exists as to appropriate 
treatment of patients with optic nerve injuries 
after craniofacial trauma. Treatment options 
include observation,! corticosteroids,? cortico- 
steroids and osmotic agents,’ and surgery to 
decompress the optic carial.*° We successfully 
treated patients with traumatic optic neuropa- 
thy by using intravenous high-dose and mega- 
dose corticosteroids. 


Patients and Methods 


Traumatic optic neuropathy is defined as 
traumatic visual loss that occurs in the presence 
of an afferent pupillary defect without evidence 
of injury to the eye or optic nerve.®” Patients 
with such neuropathies were examined and 
treated at two trauma centers (Miami Valley 
Hospital, Dayton, Ohio and Kresge Eye Insti- 
tute, Detroit Receiving Hospital, Detroit, Mich- 
igan). All patients received a complete neuro- 


Accepted for publication Aug. 27, 1990. 

From the Kresge Eye Institute, Wayne State University, 
Detroit, Michigan (Drs. Spoor, Lensink, and Wilkinson); 
and Department of Ophthalmology, Wright State Uni- 
versity School] of Medicine, Dayton, Ohio (Dr. Hartel). 

Reprint requests to Thomas C. Spoor, M.D., F.A.C.S., 
Kresge Eye Institute, Wayne State University, 4717 St. 
Antoine, Detroit, MI 48201. 


ophthalmic examination and high-resolution 
computed tomography of the brain and orbits, 
including bone window images. Patients with 
associated concussive or penetrating ocular in- 
juries were excluded from the study. 

Eight patients (Dayton) were treated with 
intravenous dexamethasone, 20.0 mg every six 
hours (approximately 0.25 mg/kg of body 
weight for 48 hours). Thirteen patients (De- 
troit) were treated with intravenous methyl- 
prednisolone, 30.0 mg/kg of body weight ini- 
tially, followed two hours later by 15.0 mg/kg 
of body weight every six hours for 48 hours. In 
both groups, corticosteroids were tapered rap- 
idly after 48 hours. 

The time between injury and initiation of 
treatment was variable, ranging from 8% hours 
to 15 days (mean, 4.2 days) in the group treated 
with intravenous methylprednisolone. Treat- 
ment with intravenous dexamethasone was ini- 
tiated earlier (four hours to four days; mean, 17 
hours). Seventeen patients were male and four 
patients were female. Motor vehicle accidents 
accounted for most of the injuries (ten), fol- 
lowed closely by assaults (eight) and falls 
(three). The assault group contained three pa- 
tients with penetrating orbital injuries, two 
caused by knives and one caused by a BB pellet. 
These patients were included since eventual 
visual and motility recovery indicated that the 
apical orbital structures had not been trans- 
sected. 


Results 


Thirteen patients were treated with intrave- 
rious megadoses of methylprednisolone (Tables 
1 and 2), and eight patients were treated with 
high doses of intravenous dexamethasone 
(Tables 3 and 4). Patients treated with methyl- 
prednisolone received much higher doses of 
corticosteroids than those treated with dexa- 
methasone (20 times the initial dose and ten 
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TABLE 1 
CHARACTERISTICS OF PATIENTS WITH TRAUMATIC OPTIC NEUROPATHY TREATED WITH MEGADOSE 
CORTICOSTEROIDS* 
CASE NQ VISUAL ACUITYt INJURY TO TRAUMA 
AGE (YRS), TREATMENT 
SEX INITIAL POSTPULSE FINAL INTERVAL FOLLOW-UP CAUSE INJURY COMMENT 
1,33, M NLP NLP NLP 2 days 3 weeks Fall from truck Optic canal Transcranial optic 
canal decompression, 
no improvement 
2,21,M 20/200 26/40 20/25 15days 1 month Motor vehicle Trimalar fracture, -l 
accident epidural hematoma 
3, 38, M HM 20/70 20/30 8hours 2 weeks Baseball bat Trimalar fracture _ 
4,27,M 20/40 20/20 20/20 7 days 6 weeks Wrench to head — — 
5,15, M 20/200 20/30 20/30 8 days 6 months Bike hit by Orbital roof and ~~ 
train frontal fractures 
6,31,M NLP 20/200 20/100 2%: days 3 years Knife to orbit Pneumocephalus, Concomitant orbital 
orbital apex apex syndrome 
syndrome resolved 
7,27,M NLP NLP 20/50 2 days 1 week Knife up nose Orbital apex Transethmoidal canal 
to orbit syndrome decompression after 
corticosteroid failure 
8,25,M 20/200 20/20 20/20 24hours 8months Fist to face Orbital roof fracture m 
9,40,M LP 20/400 20/25 2hours 2⁄2 months Motor vehicle em mame 
accident 
10, 16, M HM 20/200 20/50 3 days 3 years BB to orbital =- Transethmoidal decom- 
apex pression 
11, 30, F 20/400 20/100 20/50 20hours 2⁄2 months Motor vehicle Facial fractures — 
accident 
12, 28,F CF 20/400 20/30 12 hours 3 weeks Gun shot wound Orbital hemorrhage Canthotomy, cantholysis 
to the orbit before corticosteroids 
13, 38, M 20/80 20/40 20/25 7 days 2 months Fell and struck Orbital roof fracture me 


head 


*Patients treated with methyiprednisolone, 30 mg/kg of body weight pulse, then 15 mg/kg of body weight every six hours. 
tNLP indicates no light perception; HM indicates hand motions; and CF indicates counting fingers. 


times the subsequent doses). Most of the pa- 
tients in both groups had marked improvement 
in visual function. No statistically significant 
difference was found between the two groups in 
final visual improvement (P = .3, chi-square 
test). Of eight patients treated with intravenous 
dexamethasone, seven of nine eyes had im- 
proved visual function. Of 13 patients treated 
with megadoses of intravenous methylprednis- 
olone, 12 showed improved visual function. 
The interval between injury and initiation of 
treatment was variable. A long interval (mean, 
4.2 days) between injury and treatment did not 
preclude improvement in visual function in 
most patients treated with megadose methyl- 
prednisolone. Few patients treated with high- 
dose dexamethasone demonstrated dramatic 
visual recovery during treatment despite a 


much shorter interval between injury and treat- 
ment (mean, 17 hours). 

Of 13 patients treated with megadose meth- 
ylprednisolone, 11 had significantly improved 
visual function within 96 hours after the initia- 
tion of treatment. Only two of nine eyes in the 
group treated with dexamethasone demonstrat- 
ed this rapid improvement in visual function. 
This difference was significant (P = .008). 

Three patients in the megadose methylpred- 
nisolone group underwent subsequent surgical] 
decompression of their optic canal by either a 
transcranial (Case 1) or a transethmoidal route 
(Cases 7 and 10). The patient in Case 1 had an 
optic canal fracture on computed tomographic 
scans and an equivocal history of progressive 
visual loss to no light perception. Another pa- 
tient (Case 10) had a BB pellet compressing the 
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TABLE 2 


RESIDUAL VISUAL FIELD DEFECTS IN PATIENTS WITH 
TRAUMATIC OPTIC NEUROPATHY* 





VISUAL ACUITYT VISUAL FIELD DEFECTS 


CASE 
NO. INITIAL FINAL INITIAL FINAL 


NLP NLP — — 
20/200 20/25 — — 
HM 20/30 — — 
20/40 20/20 Relative central Full 
scotoma 
5 20/200 20/30 Superotemporal 
involving fixation 
6 NLP 20/100 NLP Inferior altitudinal 
7 NLP 20/50 NLP Superior altitudinal 
8 20/200 20/20 Inferonasal defect Inferonasal defect 
involving fixation sparing fixation 
9 LP 20/25 LP Relative central 
scotoma, periph- 
eral constriction 
Relative central 
scotoma, periph- 
eral constriction 
11 20/400 20/50 inferior altitudinal Relative central in- 
involving fixation feronasa!l defect 
12 CF 20/30 — — 
13 20/80 20/25 Dense central sco- Relative central 
toma, peripheral scotoma, periph- 
constriction eral constriction 


f wW Nh — 


Superotemporal 
Sparing fixation 


10 HM 20/50 HM 





*Patients treated with methylprednisolone, 30 mg/kg of body 
weight pulse, then 15 mg/kg of body weight every six hours. 

‘NLP indicates no light perception; LP indicates light percep- 
tion; HM indicates hand motions; and CF indicates counting 
fingers. 


optic nerve at the orbital apex and a medial 
optic canal fracture. Visual acuity improved 
from hand motions to 20/200 after intravenous 
methylprednisolone and subsequently im- 
proved to 20/50 after surgery. The visual acuity 
of one patient (Case 7) was no light perception 
after five days of intravenous methylpredniso- 
lone and improved to 20/50 after transethmoi- 
dal optic canal decompression.? 

Initial visual acuity was worse than 20/200 in 
20 eyes and totally blind with no light percep- 
tion in eight eyes. Five of these eight eyes 
regained some visual function after treatment 
(Tables 2 and 4). Most patients were too critical- 
ly injured or vision was too poor to obtain 
pretreatment visual fields. Visual fields were 
obtained before and after treatment in only five 
patients. Visual field improvement was defined 


as lessening of central scotomas, sparing fixa- 
tion, and increased peripheral field (Cases 5, 8, 
11, and 13; Tables 2 and 4). Final visual fields, 
available on 15 eyes, demonstrated varying 
degrees of central and peripheral visual field 
loss (Tables 2 and 4). 


Discussion 


No consensus exists as to the appropriate 
treatment for patients with traumatic optic neu- 
ropathy. Lessell' recently reported that only 
five of 25 untreated patients with indirect optic 
nerve injuries had improved visual function. 
Only one of four patients treated with low-dose 
corticosteroids had improved vision, whereas 
three of four patients treated with a combina- 
tion of corticosteroids and transethmoidal op- 
tic canal decompression showed improvement 
in visual function. Of our 21 patients treated 
with intravenous corticosteroids, 17 had im- 
proved visual function. Many of our patients 
with improved visual] acuity had residual visual 
field defects (Tables 2 and 4). 

When given within eight hours of injury, 
megadose corticosteroids have been shown to 
reduce paralysis and other disabilities but do 
not obviate neurologic deficits in patients with 
spinal cord injuries.” The proposed mechanism 
is reduction of swelling in the injured tissue 
and prevention of cell degeneration. Large 
doses of methylprednisolone slow this degen- 
erative process and increase the blood supply to 
the injured area, which decreases cell damage 
secondary to ischemia and hypoxemia.” 

Possibly the corticosteroids decrease intra- 
neural or extraneural edema and compression 
on the nerve fibers, increasing blood flow and 
salvaging some of the many nerve fibers sub- 
serving central visual acuity. This mechanism 
would explain the marked improvement in vis- 
ual acuity and concomitant dense residual visu- 
al field defects found in some of our patients. 

Dosing schedules for high-dose corticoster- 
oid therapy in the treatment of central nervous 
system trauma vary widely. Reported doses for 
dexamethasone range from 0.7 to 3.0 mg/kg of 
body weight, whereas methylprednisolone dos- 
age schedules range from 0.6 to 30.0 mg/kg of 
body weight. For the treatment of traumatic 
optic neuropathy, Anderson, Panje, and Gross” 
used dexamethasone in loading doses ranging 
from 16.0 to 60.0 mg followed by doses in the 
range of 20.0 mg every six hours. 
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TABLE 3 
CHARACTERISTICS OF PATIENTS WITH TRAUMATIC OPTIC NEUROPATHY TREATED WITH HIGH-DOSE 
CORTICOSTEROIDS* 
dear VISUAL ACUITY? MIUT TRAUMA 
AGE (YRS), TREATMENT 
SEX INITIAL POSTPULSE FINAL INTERVAL FOLLOW-UP CAUSE INJURY 
1,58,M 20/200 20/40 20/20 6 hours 11 months Motor vehicle LeFort Ill fracture 
accident 
2,17,M NLP NLP 20/30 5 hours 12 months Motor vehicle Closed head injury, 
accident pneumocephalus 
3, 30, F NLP LP 20/300 6 hours 6 months Motor vehicle m 
accident 
NLP NLP NLP 6 hours 6 months Motor vehicle a 
accident 
4,18, M NLP NLP NLP 5 hours 2 weeks Motor vehicle Multiple orbital 
accident fracture 
5,35, M NLP CF at 3 feet 20/25 4 hours 8 months Head pinned — 
6, 26, M LP LP HM 4 days 6 weeks Hit with tool — 
7,28, M HM HM CF at 4 feet 7 hours 5 weeks Motor vehicle Skull fracture 
accident 
8,19, M 20/800 20/25 20/25 9 hours 2 months Fell 2 stories Orbit floor and 


maxilla fracture 


*Patients treated with dexamethasone, 20 mg/kg of body weight every six hours. 
tNLP indicates no light perception; HM indicates hand motions; and CF indicates counting fingers. 


Our rationale for using megadose methyl- 
prednisolone to treat traumatic optic neuropa- 
thy is based largely on the work done by 
Braughler and Hall.” They maintained that 
massive doses of corticosteroids (dexametha- 
sone, 6.0 mg/kg of body weight, and methyl- 
prednisolone, 30.0 mg/kg of body weight) ex- 
hibit a different pharmacologic effect than the 
standard dose’s glucocorticosteroid effect. They 
cited several examples of both experimental 
and clinical evidence demonstrating a sharp 
dose-response curve for methylprednisolone in 
massive-dose ranges. They believe, based on 
pharmacokinetics, that methylprednisolone, 
30.0 mg/kg of body weight, should be given as 
soon as possible after injury, followed two 
hours later and every six hours after that by a 
dose of 15.0 mg/kg of body weight. 

Our patients treated with the megadose 
methylprednisolone regimen improved much 
more quickly than those treated with high-dose 
dexamethasone (P = .008). However, initial 
visual acuity was not comparable, with a pre- 
dominance of totally blind eyes (three eyes with 
light perception) in the dexamethasone group. 
Final visual results were not significantly differ- 
ent between the two groups (P = .3), Treatment 
with intravenous corticosteroids seemed to im- 


prove visual prognosis whether administered in 
high doses or megadoses. 
Two of six totally blind untreated eyes in the 


TABLE 4 
RESIDUAL VISUAL FIELD DEFECTS IN PATIENTS WITH 
TRAUMATIC OPTIC NEUROPATHY* 


ae VISUAL ACUITYt VISUAL FIELD DEFECTS 
NO. INITIAL FINAL INITIAL FINAL 
1 20/200 20/20 — Peripheral constriction 
2 NLP 20/30 NLP Temporal and peripheral loss 
3 NLP 20/300 NLP Nasal peripheral loss 
NLP NLP NLP Relative central scotoma 
4 NLP NLP NLP NLP 
5 NLP 20/25 NLP Inferonasal residual island 
of vision only 
6 LP HM — — 
7 HM CF at 4 feet — — 


8 20/800 20/25 — Nasal peripheral loss 


*Patients treated with dexamethasone, 20 mg/kg of body 
weight every six hours. 

*NLP indicates no light perception; LP indicates light percep- 
tion; HM indicates hand motions; and CF indicates counting 
fingers. 
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series described by Lessell' regained visual acu- 
ity of counting fingers and 10/200. Wolin and 
Lavin” described four patients who recovered 
vision after total blindness. Three of these pa- 
tients were treated with corticosteroids, and 
visual acuity in one patient improved spontane- 
ously. We agree with Wolin and Lavin" in 
questioning the role of surgical decompression 
of the optic canal in patients with sudden, total 
visual loss. Of our patients, seven (eight eyes) 
had an initial visual acuity of no light percep- 
tion after injury. Five of these eyes regained 
significant visual function after corticosteroid 
therapy. Visual acuity in two patients improved 
to better than 20/20 and 20/25, and visual 
acuity in two other patients improved to 20/ 
100 and 20/300. An additional patient did not 
respond to megadose corticosteroids but did 
respond to transethmoidal optic canal decom- 
pression.® Visual acuity in three other eyes 
remained no light perception despite high-dose 
dexamethasone (Cases 2 and 3, Table 3) and 
megadose methylprednisolone followed by 
transcranial optic canal decompression (Case 1, 
Table 1). Sudden total blindness does not pre- 
clude recovery of visual function and should 
not rule out corticosteroid treatment. 

Although most patients had indirect injury to 
the optic nerves related to facial fractures, some 
patients received direct, apparently penetrating 
optic nerve injuries that resulted in total blind- 
ness (Cases 6 and 7, Table 1). One patient 
recovered useful vision after treatment with 
megadose corticosteroids. The other patient did 
not respond to megadose corticosteroids but 
did recover useful vision after transethmoidal 
optic canal decompression. We cannot predict 
which injured optic nerves will improve with 
corticosteroid treatment. 

We believe that a short course of high-dose or 
megadose corticosteroids may be useful for 
patients with traumatic optic neuropathy. The 
mechanism of injury should not preclude a 
response to corticosteroid therapy unless obvi- 
ous avulsion or transsection of the optic nerve 
is apparent on examination or on computed 
tomographic scans. Our data are uncontrolled 
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but suggest that high doses of intravenous cor- 
ticosteroids may help restore vision in patients 
with traumatic optic neuropathy. 
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Laser Placement in Noncontact Nd:YAG 
Cyclophotocoagulation 


Brent M. Crymes, M.D., and Ronald L. Gross, M.D. 


We treated 40 eyes of 40 patients by using 
noncontact transscleral Nd:YAG cyclophoto- 
coagulation to determine whether treatment 
1.5 or 3.0 mm posterior to the corneoscleral 
limbus was preferable. Patients were random- 
ly assigned to one of the treatment groups, and 
all other variables, including power, number, 
and distribution of laser applications, were 
kept constant. Six months postoperatively, 
those treated 1.5 mm posterior to the corneo- 
scleral limbus had a lower intraocular pres- 
sure (P = .0047) than those treated 3.0 mm 
from the corneoscleral limbus. The 1.5-mm 
group also required fewer retreatments (P = 
.017) and had a slightly lower occurrence of 
visual acuity loss after this procedure. We 
believe it may be advantageous to locate the 
laser application approximately 1.5 mm pos- 
terior to the corneoscleral limbus, rather than 
further posteriorly, when performing noncon- 
tact transscleral Nd:YAG cyclophotocoagula- 
tion. 


Te TREATMENT OF REFRACTORY GLAUCOMA with 
laser ciliary body ablation was originally re- 
ported by Beckman and associates.’* That pro- 
cedure was not feasible for general use because 
of the unavailability of the ruby laser. Beckman 
and Sugar? then reported cycloablation by the 
more widely available Nd:YAG laser. In 1986, 
Fankhauser and associates‘ reported an autopsy 
study of human eyes using the Nd:YAG laser to 
perform cyclophotocoagulation. 

Since that time, noncontact thermal-mode 
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Nd:YAG laser cyclophotocoagulation has been 
shown to be effective in decreasing intraocular 
pressure in rabbit and human eyes that are 
refractory to medical or traditional surgical 
therapy.” In many of these studies, application 
of laser energy 3.0 to 3.5 mm posterior to the 
surgical corneoscleral limbus was effective in 
decreasing intraocular pressure. Schubert and 
Federmann” postulated that the effect of 
Nd:YAG laser cyclophotocoagulation is secon- 
dary to the inflammatory process caused by 
absorption of energy remote from the pars 
plicata. 

Recent histopathologic evidence in human 
eyes demonstrated that placing the laser lesion 
1.0 to 1.5 mm from the surgical corneoscleral 
limbus preferentially destroyed the pars plicata 
and ciliary processes.’ Because of the absence 
of a significant inflammatory response or evi- 
dence of necrosis or hemorrhage within the 
ciliary muscle in these studies, it seems reason- 
able that intraocular pressure reduction is 
caused by ablation of the pigmented and non- 
pigmented ciliary epithelium. 

Because of the controversy surrounding the 
exact mechanism of action of Nd:YAG cyclo- 
photocoagulation and the subsequent indeci- 
sion as to the appropriate placement of laser 
lesions, we studied whether there is any differ- 
ence in decreasing intraocular pressure or com- 
plication rates after transscleral Nd:YAG cyclo- 
photocoagulation by using 1.5- or 3.0-mm 
distance from the surgical corneoscleral limbus 
as the site of treatment. 


Patients and Methods 


Forty patients (40 eyes) were selected who 
met the following criteria for cycloablation: 
glaucoma refractory to medical therapy, previ- 
ous failed surgical glaucoma treatment, apha- 
kia or pseudophakia, and intraocular pressure 
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greater than 25 mm Hg. Phakic eyes and pa- 
tients who had previous cyclodestructive pro- 
cedures were excluded from this study. No 
patients were excluded on the basis of vision or 
diagnosis. 

The patients were randomly assigned into 
one of two treatment groups: those treated 1.5 
mm from the surgical corneoscleral limbus and 
those treated 3.0 mm from the surgical corneo- 
scleral limbus. 

Patients received retrobulbar anesthesia con- 
sisting of a 50:50 mixture of 0.5% bupivacaine 
hydrochloride and 2% lidocaine hydrochloride 
without hyaluronidase or epinephrine. Com- 
plete anesthesia in all quadrants was then test- 
ed and assured. The patients were then placed 
at the Nd:YAG laser set on thermal mode (20 
milliseconds high). Variables for treatment in- 
cluded the following: maximum posterior focus 
offset (nine), single pulse, and power of 5.5 to 
6.5 J, A wire eyelid speculum was placed in the 
eye. No contact lens was used. Each eye re- 
ceived 40 applications (ten per quadrant), 
placed 360 degrees circumlimbal 1.5 or 3.0 mm 
from the surgical corneoscleral limbus. The 
distance of laser application was measured with 
calipers with the eye maintained in the frontal 
plane. 

Postoperatively patients were given prednis- 
olone acetate 1% every two hours while awake 
and atropine 1% four times a day for two weeks. 
Glaucoma medications, except for miotics, 
were continued until the intraocular pressure 
was controlled and were stopped as warranted 
by the clinical situation. Patients were given 
oral analgesics to be used as needed. 

Data were collected at one day, one week, one 
month, three months, six months, and one year 
postoperatively. Retreatment was performed 
using identical treatment variables if intraocu- 
lar pressure was inadequately controlled and 
the patient again met the criteria for cycloabla- 
tion. A minimum of three months was neces- 
sary after the previous treatment before retreat- 
ment was considered. Data at each time point 
from the initial treatment were analyzed with 
subsequent retreatment included. Statistical 
analyses were performed by using the normal 
deviate and Mann Whitney tests. 


Results 


In the 1.5-mm group, the average age of the 
patients was 64.2 years. Ten patients were male 


and ten patients were female. Eleven patients 
were black, six were white, and three were 
hispanic. Of the 20 affected eyes, 11 were right 
eyes and nine were left eyes. Angle-closure 
glaucoma was diagnosed in 14 patients; pri- 
mary open-angle glaucoma was diagnosed in 
five patients; and neovascular glaucoma was 
diagnosed in one patient. 

In the 3.0-mm group, the average age of the 
patients was 66.1 years. Seven patients were 
male and 13 patients were female. Ten patients 
were black, eight were white, and two were 
hispanic. Of the 20 affected eyes, ten were right 
eyes and ten were left eyes. Angle-closure glau- 
coma'was diagnosed in 11 patients; primary 
open-angle glaucoma was diagnosed in seven 
patients; and neovascular glaucoma was diag- 
nosed in two patients. 

There was no significant difference in the 
demographic data between the two treatment 
groups. The diagnosis distribution was similar 
for both groups with most of the patients hav- 
ing secondary angle-closure glaucoma. Only a 
small number of patients had neovascular glau- 
coma. 

The mean number of patients who had had 
previous glaucoma operations was 2.25 in the 


-1.5-mm group and 2.3 in the 3.0-mm group. 


The mean number of glaucoma medications 
taken by patients was 2.25 in the 1.5-mm group 
and 2.7 in the 3.0-mm group. The average 
intraocular pressure was 41.9 mm Hg in the 
1.5-mm group and 38.1 mm Hg in the 3.0-mm 
group. 

The postoperative mean intraocular pressure 
curves (Figure) exhibit an immediate reduction 
of intraocular pressure after the procedure on 
the first postoperative day, which continued 
through the first week postoperatively and was 
similar for the two treatment groups. Mean 
intraocular pressures were stable from one to 
three months in both groups. By six months, the 
1.5-mm group showed continued reduction of 
intraocular pressure within an acceptable 
range, whereas the 3.0-mm group showed a 
gradual increase of mean intraocular pressure 
with time. 

Conversely, with regard to change in intraoc- 
ular pressure, the 3.0-mm group showed an 
increase in intraocular pressure with time, 
which was statistically significant at six months 
postoperatively (P = .0047, Mann Whitney 
test). This difference was also noted at the 
one-year interval but was not statistically sig- 
nificant because of a smaller sample size, 
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caused by the loss of some patients to follow- 
up. Additionally, the patients in the 3.0-mm 
treatment group required significantly more re- 
treatments (seven of 20 patients) than the 1.5- 
mm treatment group (one of 20 patients) be- 
cause of poorly controlled intraocular pressure 
(P = .017, normal deviate). In those eyes re- 
treated, four were treated three months and 
three were treated six months after the initial 
cyclophotocoagulation. 

The mean number of medications required 
postoperatively at the last follow-up period was 
reduced for both groups in an equivalent fash- 
ion, with the average number of medications 
for the 1.5-mm treatment group being 1.15 
compared with 1.4 for the 3.0-mm treatment 
group. 

All of the patients had some inflammation 
and pain postoperatively. In almost all patients, 
the inflammation and pain resolved within one 
week with cycloplegics, topical corticosteroids, 
and oral analgesics. Only three of the 40 pa- 
tients had mild inflammation one month post- 
operatively and none had pain after one week. 
There was no difference between the two 
groups in this respect. 

None of the patients developed phthisis 
bulbi, vitreous hemorrhage, hypopyon, or cho- 
roidal effusions. Although there were several 
patients in each group with intraocular pres- 
sure of less than 5 mm Hg, none of these 
patients had a worsening of vision from the 


-A 1.5mm 


-ń- 3.0mm 

Figure (Crymes and 
Gross). Comparison of mean 
intraocular pressure after 
Nd:YAG cyclophotocoagula- 
tion in eyes treated 1.5 mm 
and 3.0 mm posterior to the 
corneoscleral limbus with 
power, number, and distribu- 
tion of applications equiva- 
lent. 


12 m 


preoperative level that could be attributed to 
hypotony. 

Severe visual loss (defined as a loss of greater 
than four lines of vistial acuity, visual acuity 
loss to couriting fingers from better than 20/ 
400, or visual acuity of no light perception) 
occurred in three patients. Visual acuity in one 
patient in the 1.5-mm group progressed to no 
light perception from a preoperative level of 
bare light perception without projection. This 
was believed to be secondary to severe neovas- 
culař glaucoma that could not be controlled 
with repeated attempts at Nd:YAG cyclophoto- 
coagulation and cyclocryotherapy. Two pa- 
tients in the 3.0-mm treatment group had visu- 
al acuity of less than 20/400. In all three 
patients, the visual loss was believed to be 
associated with uncontrolled intraocular pres- 
sures. 

Overall, 12 of 40 patients (30%) lost at least 
one line of Snellen visual acuity. The 3.0-mm 
group had 40% (eight of 20 patients) visual 
acuity loss, which was greater than the 20% 
(four of 20 patients) in the 1.5-mm group, but 
this was not statistically significant. 

There were instances of substantial improve- 
ment of vision (four lines of visual acuity im- 
provement or at least 20/400 visual acuity from 
counting fingers or worse) in both groups, al- 
though this was more frequent in the 1.5-mm 
treated group (30% [six of 20 patients] com- 
pared with 10% [two of 20 patients]). In most 
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patients this was attributable to clearing of 
corneal edema. 


Discussion 


Laser cyclophotocoagulation with the 
Nd:YAG laser has become an accepted mode of 
treatment for patients with refractory glauco- 
ma. Controversy exists in published reports 
regarding the mechanism of action and appro- 
priate location of lesion placement of Nd:YAG 
cyclophotocoagulation. If cyclophotocoagula- 
tion acts by destroying ciliary body epithelium 
with a resultant direct reduction of aqueous 
humor formation, then based on histologic evi- 
dence, 1.0 to 1.5 mm from the surgical cor- 
neoscleral limbus should be the preferred loca- 
tion of treatment. If this treatment is effective 
through an indirect effect on an inflammatory 
response, reduction in vascular supply to the 
ciliary body epithelium, or increased uveal 
sclera outflow, however, then treatment further 
posterior to the corneoscleral limbus may be 
more advantageous.” i 

We demonstrated that placing the laser lesion 
closer to the surgical corneoscleral limbus at 1.5 
mm results in a greater reduction of ińtraocular 
pressure with less frequent need of retreatment 
for glaucoma control in the initial six months 
postoperatively. The contrast in effectiveness of 
the two treatment groups is even more dramatic 
because a significant difference in intraocular 
pressure reduction was noted despite a higher 
percentage of retreatments in the 3.0-mm 
group, which suggests that the differences may 
actually be greater. 

In our study, severe complications, such as 
severe visual loss, vitreous hemorrhage, or 
phthisis, were infrequent. However, in other 
studies, all of these potential serious complica- 
tions have occurred with this treatment. 
Nd:YAG cyclophotocoagulation is a ciliary 
body-destructive technique that carries in- 
herent risks and should not be used indiscrim- 
inately. 
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Ocular Movements in Essential Blepharospasm 


Joseph L. Demer, M.D., John B. Holds, M.D., and Laura A. Hovis 


In essential blepharospasm histopathologic 
and electrophysiologic evidence supports the 
existence of lesions in proximity to brainstem 
nuclei controlling ocular movements. We 
studied horizontal ocular movements in eight 
patients who had been treated previously 
with surgery or botulinum toxin injection to 
control essential blepharospasm (mean age, 58 
years) and compared these with seven control 
subjects who did not have blepharospasm 
(mean age, 68 years). We examined fixation 
stability, saccades, the vestibulo-ocular reflex, 
visual enhancement and suppression of the 
vestibulo-ocular reflex, optokinetic nystag- 
mus, and pursuit by using digitally sampled, 
direct current electro-oculography. Patients 
with blepharospasm exhibited no ocular 
movement abnormalities. Since quantitative 
aspects of ocular movements are sensitive to 
nonspecific brainstem lesions, the absence of 
abnormal ocular movements suggests that the 
lesion in blepharospasm is specifically limit- 
ed to neurons regulating the facial muscles. 


The raciau pystonias are disorders character- 
ized by involuntary, bilateral spasms of the 
orbicularis oculi and facial muscles. Benign 
essential blepharospasm is a common dystonia 
believed to lie at one end of a continuum of 
disorders that includes in its complete form the 
additional involvement of the lower face 
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(Meige’s syndrome) or larynx (spastic dyspho- 
nia). These abnormal movements may persist 
even during sleep.” Hemifacial spasm is a dis- 
tinctly different disorder characterized by uni- 
lateral, episodic contractions of muscles inner- 
vated by the facial nerve.’ Despite the relative 
scarcity of attention to the facial dystonias in 
early published reports, these disorders are 
probably relatively frequent. Klawans and Barr‘ 
reported a 6.8% incidence of spontaneous lin- 
gual-facial-buccal dyskinesia in elderly pa- 
tients aged 60 to 79 years. 

The pathophysiologic characteristics of many 
cases of hemifacial spasm have been linked to 
vascular compression of the facial nerve, al- 
though tumors of the cerebellopontine angle 
and various miscellaneous causes have also 
been implicated.*® The origin of benign essen- 
tial blepharospasm is more obscure. Abnormal- 
ities of the basal ganglia or diencephalon have 
been suggested’ and correlated with abnormali- 
ties demonstrated by computed tomography.’ 
Autopsy studies have failed to demonstrate an 
abnormality in these regions.’ Blepharospasm 
has also been associated with clinical and radi- 
ographic evidence of lesions at multiple sites in 
the brainstem.’ Cell loss in brainstem nuclei has 
been found on postmortem examination." 
Abnormal prolongation of the latencies of 
brainstem auditory-evoked potentials has been 
reported in benign essential blepharospasm,” 
and on the affected side in hemifacial spasm.” 
Abnormalities in these lower brainstem func- 
tions suggest that patients with facial dystonias 
might exhibit other abnormalities of brainstem 
functions. The brainstem nuclei that form the 
final common pathway for the control of ocular 
movements are in intimate anatomic proximity 
to the vestibular and facial nuclei. Indeed, ab- 
normalities of vestibulo-ocular reflex function 
have been reported in patients with a similar 
dystonia, spasmodic torticollis.“ Complaints of 
disequilibrium were reported by 40% of 1,653 
patients with facial dystonia (unpublished 
data). 

We hypothesized that a systematic study of 
ocular movements in patients with facial dysto- 
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nias would disclose abnormalities if these dis- 
orders were caused by a generalized pathologic 
process in the brainstem. We quantitatively 
investigated ocular movements in patients with 
essential blepharospasm, with particular atten- 
tion to the vestibulo-ocular reflexes. 


Patients and Methods 


A group of eight patients with benign essen- 
tial blepharospasm were referred and volun- 
teered for this research. Two of these patients 
also had lower facial involvement and Meige’s 
syndrome; one other patient had a significant 
monocular amblyopia, which reduced best-cor- 
rected visual acuity in the amblyopic eye to 
20/80. All patients released records from their 
primary ophthalmologists for confirmation of 
the diagnosis and previous treatment. Ade- 
quate control of blepharospasm by means of 
surgery or botulinum toxin injection was re- 
quired for participation in the study. The aver- 
age age of the patients was 58 + 11 years (mean 
+ standard deviation; range, 44 to 71 years). 

The control group of elderly subjects was 
recruited through local advertising and consist- 
ed of seven subjects without blepharospasm; 
average age was 68 + 4 years (range, 62 to 74 
years), which was significantly older than the 
mean age of the patients with blepharospasm 
(P = .04). As approved by the local institutional 
review board, all patients and subjects gave 
written informed consent after the nature and 
purposes of the research project were explained 
to them. 

Our laboratory also uses a control database 
derived from testing of ten neurologically nor- 
mal young adult subjects whose average age 
was 38 + 9 years (range, 30 to 55 years), 
significantly younger than the mean age of the 
patients with blepharospasm (P = .000). These 
young control subjects were tested with the 
same automated protocols as used in the pa- 
tients with blepharospasm and older control 
subjects, and their data are presented here as 
well for comparison. Data on these control 
subjects have been used to establish normal 
limits in other studies.» 

Horizontal ocular movements were recorded 
by using direct current coupled, digitally sam- 
pled (200 Hz) electro-oculography with band 
width of 40 Hz. Automated analysis was per- 
formed on-line by using a PDP 11/23 computer 
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(Digital Equipment Corporation, Waltham, 
Massachusetts), equipped with analogue inter- 
face equipment, and locally designed soft- 
ware.” 

To study saccades, subjects tracked a project- 
ed laser spot deflected by a computer-con- 
trolled mirror galvanometer to produce a pseu- 
dorandom pattern of target displacements of 
varying sizes up to 40 degrees. The latency and 
peak velocity of each saccade were calculated 
by the digital computer. 

The vestibulo-ocular reflex was studied in 
complete darkness during sinusoidal, whole- 
body rotation about a vertical axis in a chair 
driven by a servomotor under computer con- 
trol. Rotations were performed at the following: 
0.0125 Hz, amplitude 100 degrees/second; 
0.05 Hz, amplitude 60 degrees/second; 0.2 Hz, 
amplitude 60 degrees/second; 0.4 Hz, ampli- 
tude 45.2 degrees/second; 0.8 Hz, amplitude 
25 degrees/second; 1.25 Hz, amplitude 25 de- 
grees/second; and 1.6 Hz, amplitude 20 de- 
grees /second. 

The visually enhanced vestibulo-ocular reflex 
was studied by recording ocular movements as 
subjects were sinusoidally rotated in a lighted 
environment. Rotations were at 0.05 Hz, ampli- 
tude 60 degrees /second; and 0.4 Hz, amplitude 
45.2 degrees /second. 

Visual suppression of the vestibulo-ocular 
reflex was studied by instructing subjects to 
fixate visually a target light attached to the 
chair during rotation in an otherwise darkened 
environment. Rotations during visual suppres- 
sion were at 0.05 Hz, amplitude 60 degrees / 
second; and 0.4 Hz, amplitude 45.2 degrees / 
second. 

To study optokinetic nystagmus, subjects 
were surrounded by a full-field drum that had 
vertical black stripes. For constant velocity sim- 
ulation, 30-degree/second rotations to the left 
and to the right were used. The drum was also 
rotated sinusoidally at 0.05 Hz, amplitude 60 
degrees/second; and 0.4 Hz, amplitude 45.2 
degrees /second. 

To study smooth pursuit, subjects tracked a 
projected laser spot moving sinusoidally at var- 
ious combinations of frequency and velocity: 
0.1 Hz, amplitude 11.3 degrees /second; 0.2 Hz, 
amplitude 22.6 degrees/second; and 0.4 Hz, 
amplitude 45.2 degrees/second. 

For all types of ocular movements except 
saccades, gain was computed as the ratio of the 
amplitude of the slow phase eye velocity re- 
sponse divided by the amplitude of the stimu- 
lus velocity. Statistical comparisons between 
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groups were made by using the two-tailed Stu- 
dent’s t-test, with a .05 level of significance. 


Results 


No subject in any of the groups tested exhib- 
ited pathologic nystagmus in primary position 
or in extreme left or right gaze. Although no 
fixation instability was observed in the young 
control group, square-wave jerks were noted in 
four of the eight patients with blepharospasm 
(50%) and in five of the seven elderly control 
subjects (71%). These square-wave jerks, which 
are small involuntary saccades moving the eye 
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away from the direction of gaze, were most 
evident in darkness in those subjects who ex- 
hibited them. 

All subjects in the blepharospasm and con- 
trol groups exhibited horizontal saccades of 
normal trajectory (Fig. 1, top). Saccadic laten- 
cy, the time delay between target motion and 
the onset of the saccade, was computed for the 
patients with blepharospasm and the elderly 
control subjects. Mean latency was 206 + 38 
milliseconds in the blepharospasm group, 
slightly but not significantly greater than the 
mean latency of 184 + 19 milliseconds in the 
elderly control subjects. Saccades for all sub- 
jects in all three groups had peak velocities that 
increased with increasing saccadic amplitude, 
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Fig. 1 (Demer, Holds, and Hovis). Top, Binocular electro-oculographic recording in a patient with blepharo- 
spasm during horizontal saccades to a pseudorandom sequence of target motions. Upward displacements of the 
tracing represent movements to the right. Bottom, Peak amplitudes of the saccades. Each cross represents one 
saccade. Dotted lines denote norma! limits. 
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forming an amplitude-velocity relationship 
known as the main sequence. Main sequence 
relationships for all subjects were within nor- 
mal limits established for the laboratory (Fig. 1, 
bottom). 

During passive whole-body rotation in dark- 
ness, all subjects exhibited reproducible vesti- 
bulo-ocular reflex ocular movements (Fig. 2). 
The responses were directionally symmetric. At 
low frequencies where the amplitude of head 
motion was great, the vestibulo-ocular reflex 
consisted of slow phases compensating for 
head motion, alternating with oppositely di- 
rected quick phases. At high frequencies where 
the position amplitude of head motion was 
smaller, the vestibulo-ocular reflex consisted 
almost entirely of smooth slow phase move- 
ments in a direction opposite head movement. 
Vestibulo-ocular reflex gains were measured 
across a broad frequency range from 0.0125 to 
1.6 Hz (Fig. 3). A vestibulo-ocular reflex gain of 


Eye Position 


Head Velocity 
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1.0 implies that ocular velocity is equal and 
opposite to head velocity, the physiologically 
ideal response to stabilize the retina in space 
for clear vision during head movement. For all 
groups, vestibulo-ocular reflex gain was less 
than the ideal value of 1.0 at lower frequencies 
but increased with increasing frequency to be- 
come nearly ideal at 1.6 Hz. Within this range, 
there was no statistical difference at the 0.05 Hz 
level in mean gains between the patients with 
blepharospasm and either control group. 
Visual enhancement of the vestibulo-ocular 
reflex was tested during rotational stimulation 
at two different frequencies in a lighted envi- 
ronment. Normally, visual observation of the 
surrounding environment enhances vestibulo- 
ocular reflex performance so that gain more 
closely approaches the ideal value of 1.0. Ideal 
performance means that slow phase ocular ve- 
locity is exactly equal and opposite to head 
velocity. Data on visual enhancement of the 
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Fig. 2 (Demer, Holds, and Hovis). Top, Bitemporal electro-oculographic recording of vestibulo-ocular reflex 
(VOR) evoked by passive, sinusoidal rotation in darkness at 0.2 Hz (amplitude 60 degrees/second) of a patient 
with blepharospasm. Bottom, Graphs show digitally sampled slow phase ocular velocity obtained by computer 
analysis of the record. Each point represents a velocity measurement, plotted against time on the left and against 
stimulus velocity on the right. Gain in this case was 0.71, the ratio of the amplitude of the slow phase ocular 
velocity response to the amplitude of the head velocity stimulus, also equal to the slope of the line formed by the 
plot of response velocity against stimulus velocity. Note the directional symmetry of the response. 
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vestibulo-ocular reflex are shown in the Table. 
At the low testing frequency of 0.05 Hz, mean 
enhanced gains in both the blepharospasm 
group and in the young control subjects were 
close to the ideal value, and did not differ 
significantly from one another. Enhanced gain 
at 0.05 Hz for the elderly control group was 
significantly lower than for the blepharospasm 
group. Enhanced vestibulo-ocular reflex gain at 
0.4 Hz was identical in the blepharospasm 
group and the elderly control subjects. 

Visual suppression of the vestibulo-ocular 
reflex was tested during rotational stimulation 
while visually fixating a small lighted target 
moving with the head in an otherwise darkened 
room. Ideally, this would result in suppression 
of all ocular movements and a gain of zero. 
Mean gains for suppression for all groups under 
all conditions did not differ significantly from 
zero or from each other (Table). 

The optokinetic nystagmus response consist- 
ed of slow, tracking phases alternating with 
resetting quick phases in the opposite direction 
(Fig. 4). Responses were directionally symmet- 
ric. An ideal optokinetic gain for any type of 
stimulation would be 1.0, which indicates that 
slow phase ocular velocity exactly matches the 
velocity of the stripes on the stimulus drum, but 
lower gains were generally observed (Table). 
For the blepharospasm group, mean opto- 
kinetic gain for a sinusoidal stimulus at 0.05 Hz 
was significantly lower than for the young con- 
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Fig. 3 (Demer, Holds, and 
Hovis). Vestibulo-ocular re- 
flex gain measured at multi- 
ple frequencies in patients 
with blepharospasm, as well 
as in the elderly and young 
control groups. 


Mean + SEM 


10 


trol group, but was significantly higher than for 
the elderly control group. The mean opto- 
kinetic gains at 0.4 Hz of the blepharospasm 
and elderly control groups did not differ signifi- 


TABLE 
OCULAR MOVEMENTS IN PATIENTS WITH 
BLEPHAROSPASM AND CONTROL SUBJECTS 


PATIENTS 
YOUNG WITH ELDERLY 
CONTROL BLEPHARO- CONTROL 
SUBJECTS SPASM SUBJECTS 
SA (N = 10) (N= 8) (N = 7) 
MEASUREMENT MEAN S.D. MEAN S.D. MEAN SLD, 
Enhancement 
0.05 Hz, 60 deg/sec 0.99 0.05 0.95 0.08 0.78% 0.11 
0.4 Hz, 45.2 deg/sec — — 0.87 0.23 087 0.13 
Suppression 
0.05 Hz, 60 deg/sec 0.01 0.02 0.01 0.01 0.02 0.02 
0.4 Hz, 45.2 deg/sec — — 0.03 0.02 0.03 0.02 
Optokinetic 
0.05 Hz, 60 deg/sec 0.83* 0.13 0.66 0.15 0.40* 0.06 
0.4Hz,45.2deg/sec — — 0.75 0.14 0.64 0.12 
Constant 30 deg/sec 0.98* 0.07 0.56 0.10 0.37* 0.10 
Pursuit 
0.1 Hz, 11.3 deg/sec — ~~ 0.72 0.12 0.71 0.23 


0.2 Hz, 22.6 deg/sec 1.01* 0.05 0.73 0.16 0.70 0.22 


0.4 Hz, 45.2 deg/sec 0.97* 0.04 0.63 026 062 0.18 


* Significantly different at the 0.05 Hz level from the patients 
with blepharospasm. 
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Fig. 4 (Demer, Holds, and Hovis). Top, Bitemporal electro-oculographic recording of optokinetic nystagmus 
(OKN) for sinusoidal stimulation at 0.4 Hz (amplitude 60 degrees/second) of a patient with blepharospasm. 
Bottom, Graphs show digitally sampled slow phase ocular velocity obtained by computer analysis of the record. 
Gain was 0.66. Note the directional symmetry of the response. 


cantly. Mean optokinetic gain for constant ve- 
locity stimulation in the blepharospasm group 
was Significantly lower than for the young con- 
trol group, but was significantly higher than for 
the elderly control group. 

Smooth pursuit of a projected target was 
tested for three frequencies of sinusoidal target 
motion (Fig. 5). Responses were directionally 
symmetric. For the young control group, mean 
pursuit gains at both frequencies tested were 
not statistically different from the ideal value of 
1.0, which implies that mean slow phase ocular 
velocity precisely matched target velocity un- 
der these conditions. Mean gains of the blepha- 
rospasm and elderly control groups did not 
differ significantly from each other at any fre- 
quency, but gains for both groups were signifi- 
cantly lower than those of the young control 
group at both frequencies where this compari- 


son was made. As expected when pursuit gain is 
less than 1.0, both the patients with blepharo- 
spasm and the elderly control subjects made 
catch-up saccades in the direction of target 
motion. 


Discussion 


In the absence of specific ocular motor abnor- 
malities in patients with severe blepharospasm, 
a lesion highly specific for facial motor function 
must be suspected. Berardelli and associates’ 
studied blink reflexes in patients with blepha- 
rospasm and found the basic brainstem neuro- 
nal arcs subserving the blink reflex to be intact, 
but there was evidence of increased excitability 
of these reflexes. Kimura?! has reported similar 
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Fig. 5 (Demer, Holds, and Hovis). Top, Bitemporal electro-oculographic recording of pursuit of a target moving 
sinusoidally at 0.4 Hz by a patient with blepharospasm. Note the presence of catch-up saccades in the direction 
of target motion, reflecting failure of pursuit gain to achieve the ideal value of 1.0, as well as the directional 
symmetry of the response. Bottom, Graphs show digitally sampled slow phase ocular velocity obtained by 


computer analysis of the record. Gain was 0.69. 


hyperexcitability. Such hyperexcitability of the 
blink reflex arc may be caused by the release of 
inhibitory projections from other brain regions. 
Abnormalities of specific cell populations could 
potentially account for a loss of inhibitory con- 
nections without abnormalities of anatomically 
adjacent structures. Kulisevsky and associates!” 
performed an autopsy study on a patient with 
Meige’s syndrome and found evidence of mild 
to moderate cell loss in the pars compacta of the 
substantia nigra, locus ceruleus, midbrain tec- 
tum, and the dentate nucleus of the cerebellum. 
In their autopsy study of another patient with 
Meige’s syndrome, Zweig and associates” also 
found moderate to severe neuronal loss in the 
pars compacta of the substantia nigra, as well as 
loss in the locus ceruleus, raphe nuclei, and 


pedunculopontine nucleus. These nuclei have 
no established function in the control of ocular 
movements, but abnormalities of pigmented 
brainstem nuclei suggest that the lesion of 
blepharospasm may selectively involve neu- 
rons employing dopamine as a neurotrans- 
mitter. These pathologic findings are consis- 
tent with the following: clinical evidence of 
induction of blepharospasm by neuroleptic 
drugs,” which produce dopamine-receptor 
supersensitivity; relief of blepharospasm with 
development of the dopamine-deficiency 
disease parkinsonism”; and exacerbation of 
blepharospasm by administration of the dopa- 
mine-precursor levodopa.” Although neuro- 
chemical autopsy studies have been few, Jan- 
kovic, Svendsen, and Bird? demonstrated 
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substantial abnormalities in levels of dopamine 
and other neurotransmitters in specific brain 
regions in a patient with Meige’s syndrome. 

Our finding of normal vestibulo-ocular re- 
flexes and visual-vestibular interaction in pa- 
tients with blepharospasm rules out disease of 
the central or peripheral vestibular system as 
the cause of disequilibrium symptoms in these 
patients. It remains possible that untreated or 
inadequately treated patients could experience 
disequilibrium because of their inability to 
open their eyes. Visual deprivation” and even 
reductions in visual acuity“ and blindness” 
are known to increase postural sway, which 
may be interpreted by patients as disequilibri- 
um. 

Since the pathophysiologic characteristics of 
essential blepharospasm and Meige’s syn- 
drome remain enigmatic, weakening of the eye- 
lid and facial muscles by botulinum toxin injec- 
tion remains the preferred initial therapy.” 
Facial neurectomy and orbicularis myectomy 
are additional effective therapies if botulinum 
toxin injection fails or is not accepted by the 
patient.” Further research may suggest specific 
pharmacologic therapies for these disabling 
disorders of the periocular muscles. 
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, OPHTHALMIC MINIATURE 
Each one was a photograph of a newborn baby with a startled-looking face 
and marble-white eyes. I leafed through them, one after another, awestruck 
by the oddity of these children. Of course I knew about the eyes, an 
anomaly of pigmentation that was genetic proof of Gracela heritage on both 
sides. But I’d never seen them. They tended to darken just hours after birth, 
and in modern times a person can easily go through life, in Grace or 


anywhere, without seeing a newborn. 
Barbara Kingsolver, Animal Dreams 


New York, Harper Collins Publishers, 1990, p. 283 


mewaro ete a --- 


= 


Antibiotic Therapy for Bacillus Species Infections 


Gerard N. Kervick, M.D., F.R.C.S., Harry W. Flynn, Jr., M.D., Eduardo Alfonso, M.D., 
and Darlene Miller, M.A. 


We reviewed 36 cases of culture-proven Ba- 
cillus species ocular infections occurring be- 
tween September 1974 and December 1989. 
Kirby-Bauer disk sensitivities were available 
in 34 of the 36 cases (95%). All Bacillus species 
isolates were sensitive to the aminoglycoside 
antibiotics (N = 34) and to vancomycin hydro- 
chloride (N = 32); resistance to clindamycin 
was found in four of 18 (22%) of tested isolates. 
Although B. cereus was uniformly sensitive to 
these antibiotics, resistance to clindamycin 
occurred in four cases in the non-B. cereus 
group. The microbroth dilution technique 
confirmed the Kirby-Bauer data. The amino- 
glycosides were uniformly effective, but the 
cephalosporins (first, second, and third gene- 
ration drugs) were consistently ineffective 
against B. cereus and varied from sensitive to 
moderately sensitive for the non-B. cereus 
isolates. Our microbiologic laboratory find- 
ings suggest that vancomycin hydrochloride 
in combination with an aminoglycoside en- 
sures more consistent antibiotic coverage of 
Bacillus species ocular infections. 


THe Baciiuus species bacteria are characteris- 
tically large aerobic, gram-positive, spore- 
forming rods, They are ubiquitous organisms, 
widely found in fresh water, soil, air, and dust. 
Although traditionally gram-positive, the Ba- 
cillus species organisms are easily decolorized 
and may appear to be gram-negative. 
Although the Bacillus species bacteria are 
uncommon ocular pathogens, they can cause 
severe ocular infections. Contact lens wear and 
trauma are associated with Bacillus keratitis.’ 
Bacillus species endophthalmitis is associated 
with both endogenous causes?’ and penetrating 
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injuries,*” often with an intraocular foreign 
body. In reported Bacillus species cases, B. 
cereus is the most common cause of posttrau- 
matic endophthalmitis.°* Other reports indi- 
cate that B. subtilis, B. licheniformis, and B. 
laterosporus are occasionally involved in en- 
dophthalmitis.*” Regardless of the species in- 
volved, Bacillus species intraocular infection 
progresses rapidly to panophthalmitis and, in 
most reported series, results in loss of useful 
vision. The poor visual prognosis in Bacillus 
species endophthalmitis is caused in part by the 
virulence of the organism and also by its resist- 
ance to some of the currently used antibiotics. 
We reviewed in vitro susceptibility to common- 
ly used antibiotics in a clinical series of Bacillus 
species ocular infections. 


Material and Methods 


The bacteriology log books of our microbiolo- 
gy laboratory were reviewed for antibiotic sen- 
sitivities of all cases of Bacillus species infec- 
tion between September 1974 and December 
1989. Thirty-six cases occurred during this per- 
iod (Table 1). The diagnosis was based on 
positive cultures for Bacillus species from cither 
the ocular or periocular tissues in cases with 
documented clinical infections. In two of these 
36 cases, antibiotic sensitivities were not avail- 
able. Of the remaining 34 cases, 24 were identi- 
fied by species type using standard biochemical 
laboratory identification testing. The remaining 
ten cases could not be subclassified beyond 
Bacillus species. 

Antibiotic sensitivities were based on the 
Kirby-Bauer disk method. Using the Bacillus 
biochemical card (Vitek Systems, St. Louis, 
Missouri),’° we were subsequently able to iden- 
tify and examine 11 previously collected ocular 
isolates of Bacillus species. These formed part 
of the previous 34 records examined in the 
initial review of the microbiology laboratory 
records. After identification, the antibiotic sus- 
ceptibility of these 11 isolates was measured by 
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TABLE 1 
BACILLUS SPECIES ISOLATES FROM OCULAR 
INFECTIONS 

OCULAR OTHER 

BACILLUS BACILLUS BACILLUS BACILLUS BACILLUS 

INFECTION CEREUS  LICHENIFORMIS SUBTILIS SPECIES 
Endophthalmitis 7 3 2 § 
Keratitis 4 1 0 0 
Miscellaneous* 6 0 0 5 


*Orbit, conjunctiva, and unspecified ocular source. 


the microbroth dilution technique.” The micro- 
broth dilution technique allows determination 
of the minimal inhibitory concentration and 
minimal bactericidal concentration of various 
antibiotics on the individual species tested. 


Results 


Bacillus cereus was sensitive to gentamicin 
sulfate, vancomycin hydrochloride, and clinda- 
mycin by the Kirby-Bauer disk method (Table 
2). Of the six isolates identified as non-B. cereus 
species, four were available for sensitivity test- 
ing to clindamycin. Three of these four were 
resistant and one showed intermediate resist- 
ance. Among these four cases, there was no 
resistance to either gentamicin sulfate or vanco- 
mycin hydrochloride. 

Eleven isolates were available for testing with 
the microbroth dilution technique (Table 3). 
These 11 Bacillus species isolates were sensitive 
to both vancomycin hydrochloride and the 
aminoglycosides. The three previously de- 
scribed clindamycin resistant non-B. cereus iso- 
lates from the Kirby-Bauer disk method were 
evaluated by the microbroth dilution technique 
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and were identified to be either resistant (two 
cases) or have moderate resistance (one case) to 
clindamycin. Ciprofloxacin was effective for 
both the B. cereus isolates and the non-B. cereus 
isolates, but penicillin was effective for the 
non-B. cereus isolates only. 

The cephalosporins were consistently ineffec- 
tive against Bacillus species. First generation 
(cefazolin, cephalothin sodium), second gene- 
ration (cefoxitin, cefamandole), and third gene- 
ration (cefuroxime) cephalosporins showed 
similar poor effectiveness against B. cereus but 
showed variable effectiveness against the 
non-B. cereus isolates (Table 3). 


Discussion 


Bacillus species organisms are an uncommon 
but serious cause of endophthalmitis*’ and cor- 
neal ulcers.'" In three previously reported se- 
ries, posttraumatic microbial endophthalmitis 
was caused by Bacillus species in 24 of 62 cases 
(38.7%) (Table 4).°3 With such a high preva- 
lence in trauma-related cases, appropriate anti- 
biotic coverage should be considered for eyes at 
high risk for Bacillus species infection. 

A delay in recognition and treatment as well 
as the particular virulence of the organism 
contributes to the poor visual prognosis in 
Bacillus species endophthalmitis. The produc- 
tion of an exotoxin by B. cereus in addition to its 
enterotoxin has been proposed to be responsi- 
ble for the particular destructive nature of in- 
fections caused by this organism. However, 
nontoxin-producing B. licheniformis’ can also 
cause severe visual loss from endophthalmitis, 
which indicates other undetermined factors in 
the virulence of this species. 

Gentamicin sulfate has been shown to offer 


TABLE 2 
LABORATORY SUSCEPTIBILITIES OF BACILLUS TO SELECTED ANTIBIOTICS BY KIRBY-BAUER DISK DIFFUSION 
TESTING 


BACILLUS CEREUS 


SENSITIVE INTERMEDIATE RESISTANT SENSITIVE 


Gentamicin 

sulfate 17 — — 6 
Vancomycin 

hydrochloride 16 1 — 5 


Clindamycin 12 1 — 0 


NON-B8. CEREUS 


OTHER BACILLUS SPECIES 


INTERMEDIATE RESISTANT SENSITIVE INTERMEDIATE RESISTANT 
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TABLE 3 
BACILLUS SENSITIVITY TO ANTIBIOTICS, AMINOGLYCOSIDES, AND CEPHALOSPORINS BY MICROBROTH DILUTION 
TECHNIQUE (ug/mi)* 


TEST 
ISOLATES ANTIMICROBIAL RANGE 
14 
Bacillus cereus (8) Clindamycin 5-1 
Vancomycin hydrochloride =1-2 
Ciprofloxacin = .25 
Penicillin 42=8 
non-Bacillus cereus (8)  Clindamycin 24 
Vancomycin hydrochloride <= .1 
Ciprofloxacin = .25 
Penicillin .06 - 5 
Bacillus cereus (8) Amikacin =1-4 
Gentamicin sulfate = 25-2 
Tobramycin = .25-1 
non-Bacillus cereus (3) Amikacin =1-4 
Gentamicin sulfate = 25-5 
Tobramycin = .25- 5 
Bacillus cereus (8) Cefazolin 4-216 
Cephalothin 8-= 16 
Cefoxitin 16-216 
Cefamandole =8->16 
Cefuroxime = 16 
non-Bacillus cereus (3) Cefazolin =1-216 
Cephalothin 1-216 
Cefoxitin 2-216 
Cefamandole =8-=16 
Cefuroxime 1-216 





*NP indicates not performed. 


MINIMAL BACTERICIDAL 


MINIMAL INHIBITORY CONCENTRATION CONCENTRATION 
INHIBIT GROWTH INHIBIT GROWTH WILL KILL WILL KILL 
OF 50% OF OF 90% OF 50% OF 90% OF 
ISOLATES ISOLATES ISOLATES ISOLATES 
Antibiotics 
1 1 2 2 
= ,25 <1 1 2 
= .25 = .25 = .25 = 25 
>= 8 = 8 NP NP 
4 = 4 > 4 
= 1 = 1 = 1 = 1 
<= .25 < .25 = 25 = 25 
12 5 NP NP 
Aminoglycosides 
=1 = 2 <2 s4 
= .25 =2 = 2 = 2 
= .25 = 1 = 5 <= 1 
= | = | = 2 = 4 
= .25 = 25 = .25 <= 5 
= 5 = 5 <= 6 = 5 
Cephalosporins' 

= 16 => 16 NP NP 
= 16 = 16 NP NP 
= 16 > 16 NP NP 
= 16 = 16 NP NP 
= 16 = 116 NP NP 
= 1 = 16 NP NP 
=1 = 16 NP NP 
=4 = 16 NP NP 
= 8 = 16 NP NP 
8 = 16 NP NP 


tCefazolin and cephalothin are first generation cephalosporins; cefoxitin and cefamandole are second generation cephalosporins; 


and cefuroxime is a third generation cephalosporin. 


moderate to good antibiotic coverage of B. cere- 
us in laboratory testing*’* and this sensitivity is 
further supported by our study. Despite these 
findings, evidence indicates that gentamicin 
sulfate alone is not adequate treatment for Ba- 
cillus species endophthalmitis, even when the 
organism is sensitive to the drug.* Because 
endophthalmitis develops despite the use of 
prophylactic gentamicin sulfate, O’Day and 
associates’ suggested the use of concomitant 
clindamycin and gentamicin sulfate in the treat- 
ment of established B. cereus endophthalmitis. 


Of the 24 cases in our series identified by 
species type, six were non-B. cereus. A signifi- 
cant risk (three of four tested) of resistance to 
clindamycin exists among these non-B. cereus 
organisms, which remain sensitive to both van- 
comycin hydrochloride and the aminoglyco- 
sides. Hemady and associates” described clini- 
cal results in ten patients with ocular Bacillus 
species infection. They found resistance to clin- 
damycin in three of seven Bacillus species iso- 
lates tested. Of other antibiotic sensitivities 
examined, they reported that all five test iso- 
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TABLE 4 
REPORTED INCIDENCE OF BACILLUS INVOLVEMENT IN POSTTRAUMATIC ENDOPHTHALMITIS 


NUMBER OF BACILLUS CASES 


(TOTAL NUMBER OF CASES) 
Affeidt and associates® 8 (27) 
Brinton and associates® 5 (11) 
Boldt and associates” 11 (24) 


lates were sensitive to vancomycin hydrochlor- 
ide and all eight tested isolates were sensitive 
to gentamicin sulfate. Furthermore, Weber and 
associates,” using microbroth dilution tech- 
nique for B. cereus, reported that all strains 
were susceptible to vancomycin hydrochloride, 
gentamicin sulfate, imipenem, and cipro- 
floxacin, whereas 28% of the strains showed 
resistance to clindamycin. Based on these in 
vitro data, they stated that clindamycin was not 
the treatment of choice for Bacillus species 
infections and that vancomycin hydrochloride 
was the preferred antibiotic. Although this 
study confirms our laboratory data, it must be 
recognized that their Bacillus species isolates 
were collected from blood cultures. It is possi- 
ble that the nonocular Bacillus species organ- 
isms in the series of Weber and associates” 
represented different strains from those Bacil- 
lus species organisms involving in the eye. 

When the type of injury and clinical examina- 
tion indicate a high potential for Bacillus spe- 
cies endophthalmitis, diagnostic vitreous aspi- 
ration for culture has been recommended, 
followed by the institution of antibiotic therapy 
directed at Bacillus species and other potential 
pathogens." Mieler and associates” suggested 
that these measures include early pars plana 
vitrectomy, removal of any retained foreign 
body, performing cultures of the vitrectomy 
specimen, and selective use of intravitreal anti- 
biotics. In this clinical series, seven of 28 eyes 
with intraocular foreign bodies had culture- 
positive vitrectomy specimens, but none 
developed clinical endophthalmitis after early 
vitrectomy and the use of selected intravitreal 
antibiotics.” 

Ciprofloxacin is a commonly used oral antibi- 
otic even though it shows intermediate to poor 
activity to streptococci, anaerobic bacteria, and 
Mycoplasma species.” In our laboratory review, 
ciprofloxacin was an effective antibiotic against 
all Bacillus species isolates. Information regard- 


OTHER 
BACILLUS BACILLUS BACILLUS BACILLUS 
CEREUS SUBTILIS LICHENIFORMIS SPECIES 
5 1 2 0 
2 1 1 1 
2 0 0 9 


ing the dosage and safety for use of intravitreal 
ciprofloxacin is not currently available. 

Vancomycin hydrochloride produces no sig- 
nificant ocular toxicity when injected into the 
vitreous of rabbit eyes in doses up to 2 mg.” It 
may also act additively or synergistically with 
aminoglycosides against gram-positive organ- 
isms, while also providing adequate antibiotic 
coverage against other commonly isolated or- 
ganisms. Vancomycin hydrochloride and the 
aminoglycosides are bactericidal antibiotics.” 
Clindamycin is generally considered to be bac- 
teriostatic except in high concentrations but 
may be bactericidal, depending on the individ- 
ual bacterial species.” As previously reported’ 
and confirmed by our in vitro review, penicillin 
and the cephalosporins are consistently ineffec- 
tive against Bacillus species. Based on previous- 
ly published data and data from our laboratory 
review, vancomycin hydrochloride in combina- 
tion with an aminoglycoside ensures more con- 
sistent antibiotic coverage of all Bacillus species 
ocular infections. 
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PERSPECTIVES 


Professionalism, Specialization, and Competition 


Bruce E. Spivey, M.D. 


Several months ago, Woody Allen’s film, 
“Crimes and Misdemeanors,” made quite an 
impression on me. It set two records. First, it 
made both Anjelica Huston and Mia Farrow 
unattractive; and second, it portrayed a physi- 
cian (an ophthalmologist, no less) as an embez- 
zler, a philanderer, and a murderer—a stereo- 
type of immorality. 

The future of the actresses will be one of 
recovery and reappearance, as appealing as 
before, in some other film. The future of physi- 
cians particularly ophthalmologists, with or 
without this movie, is less clear and for me a 
source of discomfort. 

In the broadest sense, I am anxious about the 
fate of physicians as a caste that was once 
highly respected, even priestly; now physicians 
seem to be losing not only the respect of the 
community but respect for each other and the 
profession as well. 

I am distressed by what Lawrence Altman, 
M.D., medical correspondent for the New York 
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Times, described as “mounting evidence of the 
medical profession’s estrangement from the 
public.” I am equally concerned with the less- 
remarked loss of solidarity within the profes- 
sion: the estrangement of physicians from one 
another. 

More precisely, my concern is with the appar- 
ently inevitable consequences to our profession 
of specialization and competition, and with the 
way we relate to our patients and to society. 

I have no doubt about the future of medical 
technology. It will continue to be superior. 
High-tech achievements, however, will not 
necessarily ensure that our patients will view 
us in a positive light or improve the way we 
view ourselves and the way society regards us. 
On all points the outlook is not just disquieting; 
it is deeply disturbing. 

Why should I or anyone care? I believe that 
the way physicians are viewed by society and 
the way they perceive themselves will have a 
major impact on the quality of individuals who 


be: 
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enter medicine and, thus, on the quality of 
medical and health care for generations to 
come. . 

Although I choose to explore this issue 
through my experience as an ophthalmologist, 
the dilemma extends to all of medicine. Indeed, 
it affects all three learned professions: the cler- 
gy, law, and medicine. Medicine is only the 
most recent to undergo what might be called 
demystification. 

Almost two decades ago, Roy Branson identi- 
fied the process as the “secularization of Amer- 
ican medicine.” In an essay by that title, he 
wrote: 


... medicine faces a crisis as challenging to its authori- 
ty as the Renaissance and Enlightenment’s diminished 
faith in the efficacy of prayer and miracle. Just as men’s 
reliance on their own ability to think and act during 
that time undercut the influence of priestly physicians, 
so today’s demand for self-determination in every sec- 
tor of society threatens medicine’s independence of 
action? 


Similar pressures long since undermined the 
special státus of the clergy and the mystique of 
the law. It did not take Elmer Gantry to bring 
preachers into disrepute. Martin Luther and the 
Reformation long ago changed the unique in- 
termediary role of clergy between mortals and 
the divinity. 

Nor did the debunking of lawyers start with 
Daumier and end with “L.A. Law.” Lawyers 
inevitably came down from Mount Parnassus 
when they entered the courts not as champions 
of some unitary truth, but as paid advocates of 
contending parties. They remained learned in- 
dividuals, respected for their special knowl- 
edge, but nonetheless diminished because their 
expertise was for hire. 

Medicine has preserved a mystique longer 
than any other learned profession. Its endur- 
ance may be attributed to its functioning at the 
intersection where the orderly, rational world 
of science and technology meets the disorderli- 
ness of illness. As Branson put it: 


... medicine is expected to transmute science into 
therapy, knowledge into action. ... [It] not only con- 
forms to what has been the fundamental perspective of 
modern, scientific culture, but energetically follows 
some of the guiding principles of pragmatic, American 
society. It is no wonder that medicine has enjoyed 
enormous prestige in America? 


The same scientific advances that have made 
our profession and our society so prosperous 


have also liberated and equalized the citizenry 
in general. When relief is spelled with the name 
of an over-the-counter antacid, it is no longer 
the unique property of a healing priesthood. 
When health is acquired by dressing in Spandex 
tights and the proper running shoes, it is per- 
ceived as a commodity like any other, and those 
who purvey it are no more an elite than aero- 
bics instructors. These realities, plus patients’ 
expectations of success in every case and our 
entire society’s challenge or loss of respect for 
authority, have changed the view of physicians 
by the public. 


From Profession to Industry 

The examples cited may seem frivolous, but 
they are only the more visible manifestations of 
a steady process that is transforming the heal- 
ing profession into the health industry. Lewis 
Thomas, M.D., noted the trend in 1974, when 
he wrote: 


...it provides the illusion that [health] is in a general 
way all one thing, and that it turns out, on demand, a 
single, unambiguous product, which is health. Thus 
health care has become the new name for medicine. 
Health-care delivery is what doctors now do, along 
with hospitals and the other professionals who work 
with doctors, now known collectively as the health 
providers. The patients have become health consumers. 
Once you start on this line, there’s no stopping.’ 


In the decade and a half since Thomas observed 
the phenomenon, the development of provider 
terminology to fit all care givers has only accel- 
erated. That leveling has confused the public 
into equating physicians with others who seek 
to accede to the role by adopting the title 
physician without concomitant training or ex- 
perience. This trend has eroded our status and 
our self-esteem. 

At the same time, egalitarian advances can 

and should be welcomed. In the case of medi- 
cine, however, it seems that as others have 
advanced, physicians have lost part of their 
eminence and some of their bearings. 
. As participants in a revolution lasting more 
than two centuries, we Americans can be proud 
of maintaining so much mobility, so many op- 
portunities to acquire professional status. The 
historical emancipation we have achieved is 
clearly more sustaining, if less dramatic, than 
the swift transformation of Poles, Hungarians, 
Czechs, and East Germans from passivity as 
mere subjects of history to active participation 
in remaking their societies. 
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Physicians and Patients 

For American medicine, nonetheless, eman- 
cipation has brought deeply unsettling change. 
It has given patients (individually in dealings 
with physicians and collectively as health con- 
sumers) a measure of authority in areas where 
their presence was once viewed as trespassing. 

Two decades ago, Eliot Freidson could write: 


... medicine’s position today is akin to that of state 
religions yesterday—it has an officially approved mo- 
nopoly of the right to define health and illness and to 
treat illness.’ 


In our participatory society, by contrast, that 
special authority has been invaded. As health 
planners, judges and juries, and state and na- 
tional legislators, lay people have asserted their 
rights to decide priorities in medical care, to 
identify disorders and their proper treatment. 

Similarly, individual patients, more and 
more, come to physicians not as supplicants but 
as claimants. They have rights, if not knowl- 
edge, equal to those of the physician, and their 
power puts the physician-patient relationship 
on a far different basis from the hierarchical, 
even ritual one of the not-so-distant past. 

On the whole, this equalization should repre- 
sent an advance, a gain for all concerned. It 
should make the work of diagnosis and healing 
easier. It should make dealings between physi- 
cians and patients both more orderly and more 
intimate. But does it? 

Things are not working out in such an ideal 
fashion. On the contrary, two rising pressures 
within medicine are accentuating the tension 
that was bound to accompany the passage of the 
physician from the temple to the marketplace. 

One pressure is specialization. The other is 
competition. I will discuss each in turn, not to 
decry either but better to understand the physi- 
cian’s dilemma in the last decade of the 20th 
century and beyond. 


Specialization and Its Discontents 

Of the many reasons for the proliferation of 
specialization in medicine, the most compelling 
still is the advance of knowledge and technolo- 
gy. As one, if not the first, specialty in medi- 
cine, ophthalmology is typical of those forces at 
work. It owes its creation to fascination with 
the visual system and to the invention of the 
ophthalmoscope in the middle of the last centu- 
ry. Technology was a fundamental force in its 
origin. 

Ophthalmology’s development of a specialty 
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board reflected in part the value it placed on 
helping the public distinguish between knowl- 
edgeable, highly trained practitioners and 
others with less claim to a patient’s trust— 
something we seem much less successful in 
accomplishing today. This public education 
was a prime motivating force when Derrick T. 
Vail, Sr., M.D., president of the American Acad- 
emy of Ophthalmology and Otolaryngology, 
declared in 1908: 


... oculists demand that a certain amount of prelimi- 
nary education and training be enforced before a man 
may be licensed to practice ophthalmology. It should 
no longer be possible for a man to be called an oculist, 
by himself or by the laity, after he has spent a month or 
six weeks in some postgraduate school or after serving 
as assistant for six months or a year in some oculist’s 
office.® 


Familiar words? Indeed, these statements from 
the past seem to anticipate the modern contro- 
versy between ophthalmology and optometry. 

Organized medicine moved slowly then. 
Ophthalmology gave birth to the first specialty 
board in the world in May 1916, not long before 
the American military in World War I found that 
fully half of the physicians claiming to be oph- 
thalmologists were unqualified. In spurts over 
the next 73 years, 22 more specialty boards 
came into being. Of the 48 recognized subspe- 
cialties they oversee, however, 17 are less than 
10 years old, and the first certificate for cardiac 
electrophysiology will not be offered until 
1992" 

These boards, of course, perform an essential 
role in their voluntary certification. They help 
to keep the quality of medical education high 
and to assure, in most cases, that their diplo- 
mates’ knowledge and character are closely 
scrutinized at some point in their careers. At 
the same time, though, the existence of so many 
specialties and subspecialties has had a frag- 
menting influence on the medical profession as 
a whole, and to me is yet another reason that 
recertification is desirable and inevitable. 

The American Board of Ophthalmology is 
one of seven entities in the 23-member Board of 
Medical Specialties that does not formally ex- 
amine or recognize any subspecialties. This was 
a conscious decision, meant to avoid as much as 
possible the further public perception of divi- 
sion within an already limited specialty that 
deals with a single organ system and its support 
structures. 

In practice, moreover, only a few ophthal- 
mologists limit themselves to working exclu- 
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sively within one or more of at least eight major 
ophthalmic subspecialties. The vast majority, 
like most other medical specialists, seek to 
provide a continuum of care within their spe- 
cialty. Ophthalmology differs from other spe- 
cialties only in that it deals with the smallest of 
all the organ systems, accentuated by the fact 
that its practitioners now rarely use the hospi- 
tal or facilities where they would interact with 
nonophthalmic surgeons and other physicians. 


The Maze of the Subspecialties 

The fact is that specialization and, increasing- 
ly, subspecialization separate physicians from 
one another and remove them farther from the 
public. What C. P. Snow defined 30 years ago as 
“a gulf of mutual incomprehension”’ between 
scientists and humanists is now, within medi- 
cine, a maze of distinct compartments where 
collegiality is hard to preserve and the human 
dignity of the individual patient is too easily 
lost. 

As M. J. Jurkiewicz, M.D., observed in his 
1989 Presidential Address to the Fellows of the 
American College of Surgeons: 


... the gradual loss of a coherent center is not unique 
to surgery but is a corrosive malady of modern man. It 
is particularly apparent in our cities when business 
hours are over. It has much to do with man’s alienation 
... and search for meaning in existence. It profoundly 
affects professional practice.’ 


The reasons for subspecialization, ranging from 
the prestige attached to it in training to the 
competitive advantage and higher incomes it 
can confer, are the same throughout medicine. 
The consequences, too, have been similar in 
each specialty. 

On the positive side have been the dramatic 
advances, through tightly focused research and 
clinical practice, in clinical, curative care. In 
ophthalmology, for instance, we can cite many 
examples such as vitreous and retinal surgery, 
including membrane stripping, and laser sur- 
gery for diabetic retinopathy and glaucoma. 

But on the negative side have come further 
signs of deprofessionalization. Some eye sur- 
geons, for instance, regard themselves as mas- 
ter technicians, but to my mind they are master 
merchandisers. They may not only leave preop- 
erative and postoperative care to others but 
even delegate assistants to open and close cata- 
ract wounds. 

In such practices, and in too many medical 
practices besides ophthalmology, patients tend 


to lose personal contact with their physicians. 
Not only may patients figure more as “cases of 
condition X” than as human beings to special- 
ists, but they may also think of such physicians 
more as technicians than as confidants. 

The gap between generalists and specialists 
also widens as the system of payment for medi- 
cal services changes. The growth of prepaid 
health plans and capitated physician payment 
will reinforce the power of primary-care physi- 
cians at the expense of specialists. 

That power not only strengthens primary- 
care givers as gatekeepers for specialists and 
subspecialists but also raises the likelihood that 
they will treat patients more and longer, while 
referring them to specialists and subspecialists 
less frequently. That tendency, of course, is 
augmented by the pressure to control costs and 
retain income for the capitated primary-care 
providers. 

All these factors have an enormous capacity 
to disrupt the way we address what must be our 
fundamental concern: the patient’s best inter- 
est. They interfere with traditional lines of 
referral. Now and for the foreseeable future, 
they will work to divide generalists from spe- 
cialists and specialists within the same disci- 
pline from each other. Increasingly, in addi- 
tion, these divisive forces can and will, as we 
have already witnessed, tempt physicians in 
general to subordinate the best interests of the 
patient to pressures that have little to do with 
curing or preventing illness. 


Competition = Efficiency = Deprofessionali- 
zation 

Among those pressures that strain medicine 
as a profession, competition figures as a major 
force. The number of physicians is growing 
faster than the population we serve. While 
medical school enrollments peaked at more 
than 67,000 in 1983, the previous dramatic 
increases resulted in a rise of more than 17% in 
the number of active physicians from 1980 to 
1985. The physician-to-population ratio grew 
from 192 to 214 per 100,000 in the same peri- 
od.? One response has been consolidation of 
individual practices by the formation of groups, 
often on the part of previously established solo 
practitioners. 

The primary motivation to consolidate is to 
increase efficiency in the provision of care and 
the utilization of sophisticated medical tech- 
nology while reducing overhead. In both diag- 
nosis and treatment, the physician who works 
with others may be able to provide better serv- 
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ice as a member of a multitalented medical 
team. It is not just that groups can offer a 
one-stop array of procedures and continuity of 
care, but also that they can afford more ad- 
vanced equipment and make cost-effective use 
of it. 

Regrettably, physicians can also overutilize 
high technology. When they do, their actions 
raise not only the costs of medica] care but also 
public outrage that does not distinguish be- 
tween exploitative and conscientious practi- 
tioners. 

Scientific advances should, in theory, 
strengthen the bonds between physician and 
patient. In practice, however, they can actually 
erode them. A physician who is a member of a 
team of physicians, after all, risks being per- 
ceived as just another provider, replaceable by 
and duplicated by many others. A physician 
who is the captain of a team of providers who 
are not physicians has other vulnerabilities. 
Patients who are shuttled through offices where 
the size of the caseload is inevitably a high 
priority lose not only a measure of their own 
personalities, but also the perception of their 
physician as a distinct and caring person. 

Technology in a highly competitive setting 
produces another irony. The very impetus to 
use the latest gimmick to strengthen us in the 
marketplace may come to propel us out of the 
office and into more and more meetings, which 
too often focus less on medicine than on mer- 
chandising and managing our practices. Is this 
the profession of the future? 

Thus, in our response to competitive pres- 
sure, in our desire to reduce overhead costs and 
to make practice more efficient, we risk both 
appearing and being much like business execu- 
tives. Instead of holding our place as exception- 
al professionals performing an essential and 
valued service, we become more merchant than 
minister. 

Of course, we cannot escape the marketplace 
realities of modern medicine or the pressure on 
us to bring under control the physicians’ share 
of America’s $540-billion-a-year medical bill. 
Because the medical community has not on its 
own been able to contain costs, the emancipat- 
ed and alarmed public is setting out, through its 
elected representatives, to do the job for us. We 
should not be surprised. 

We are right, however, to be concerned that 
among the results of this effort, beginning with 
the recent legislation to set a whole range of 
Medicare payment schedules, medicine will 
come to be viewed simply as another commodi- 


ty and those who provide medical care will be 
perceived less as respected professionals and 
more as competitors in a service industry. 

It truly grieves me when I hear physicians 
and some of their organizations say that be- 
cause of fee changes or reductions, quality of 
care will suffer. I pray that every physician 
treating or interacting with a patient will pro- 
vide the best quality care of which he or she is 
capable, However, there is no doubt that access 
to care, the timely availability of care, and the 
amenities many enjoy will suffer. There is no 
doubt in my mind that rationing of care (for 
example, in the state of Oregon and certain 
counties in California) is here and will prolifer- 
ate. 

Any system that reorders physicians’ pay- 
ment carries some risks. And one that provides 
compensation primarily based on the estimated 
time a physician spends in a particular activity 
will probably encourage some cognitive and 
procedural physicians to speed up the flow of 
patients, Sadly, some people in any of life’s 
endeavors find a way to manipulate the situa- 
tion in an inappropriate way for their own 
benefit. 

For our profession, and therefore for our 
patients, the discussion about the new system 
may prove more harmful than the resulting 
payment schedule. The debate has divided the 
medical community, pitting discipline against 
discipline and intensifying both the appearance 
and the reality of disorder in our house. As a 
symptom of the problems that develop from 
both competition and specialization, the con- 
troversy has further diminished our standing in 
society. 

We have already lost our monopoly in judg- 
ing illness and its cure. Now we are seeing the 
erosion of our responsibility for the quality of 
care we provide. We can still perform what the 
public calls miracles, but we will be increasing- 
ly prevented from determining who will bene- 
fit. The question of who is to pay for an organ 
transplant, for instance, is not one we alone 
seek to answer. But when care is rationed by 
cost and when third parties perform the eco- 
nomic triage, we can hardly claim the full 
responsibility for our patients or deserve their 
trust. 

We have a special mission: healing many and 
providing solace, information, counsel, and 
support for those we cannot. And we have more 
and more powerful instruments with which to 
carry out that mission. We as physicians have 
been given the privilege to care for others—a 
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privilege earned by virtue of our knowledge, 
experience, and technical skill, but equally im- 
portant by the power of our personal and pro- 
fessional values and close relationship with our 
patients. 

Faced with an increasingly turbulent envi- 
ronment, we have adopted practices to cope 
with our new technologic and economic reali- 
ties. Yet those very strategies, specialization 
and competition, have also served to distance 
us from our patients. These forces, combined 
with the general demystification of our profes- 
sion, have undermined a critical source of our 
standing in society. 


Recommendations for Action 

To regain the personal foundation of our 
privilege to care for others, we physicians must 
concentrate first on re-establishing our image 
and unity as a profession. To begin on the road 
toward maintaining and conceivably stabilizing 
and improving our profession, we will need a 
new mind set, a new commitment, and a long- 
term perspective. This will require work, first 
for each of us as individuals, second for our 
specialties (both as separate disciplines and as 
parts of the whole), and third for all medical 
organizations together. 

It is unrealistic to expect the effort at any of 
these levels to produce easy or automatic bene- 
fits. In combination and over time, however, 
they could position us to reclaim a measure of 
the status that recent years and pressures have 
eroded. 

Medicine in America has known difficult 
times before. Quackery flourished in the 19th 
century and filled the press with advertise- 
ments of miracle cures for tuberculosis and 
cancer just as preposterous as some of the 
claims heard on television today about remov- 
ing cellulite or reversing baldness. The Food 
and Drug Act of 1906 and the Flexner report on 
medical education four years later were, if any- 
thing, overdue reforms. 

Regardless of the past, our challenge should 
be to ensure that our profession remains strong 
enough in the face of adversity now to transmit 
its best traditions far into the future. There has 
never been a time when any individual, a physi- 
cian, could do more for another person than 
now. These opportunities are going to increase, 
even as the setting inevitably changes. 

Thus, it makes no sense to denigrate the state 
of modern medicine, to discourage highly qual- 
ified and motivated students from entering 
medical school, or even to yearn for the return 


of the good old days. I have heard many refer- 
ences to the golden age of medicine as the 
period of the past 40 years, and have said these 
words myself. They were golden for three rea- 
sons: science, income (especially through fed- 
eral support in the form of Medicare), and 
relative freedom in clinical decision-making. | 
wonder which of the three was the most valued? 

If we are to have rewarding years ahead, we 
must look within ourselves to see what we can 
do better now and to determine how we can 
maintain the skills that differentiate us and how 
we can reconnect to the dedication and funda- 
mentals that unite us. 

Starting at the individual level, I would sug- 
gest a new emphasis on two aspects of daily 
practice: human sensitivity and medical exper- 
tise. Making ourselves accessible, accountable, 
affordable, and compassionate to our patients 
is a formula for the kind of humanism that 
distinguishes physicians from technicians. In- 
forming ourselves, at the same time, about the 
work of colleagues in other specialties and 
about the progress and problems of medicine 
outside our own field will make us better col- 
leagues and stronger professionals. 

Whether generalists or specialists, we need to 
get to know our patients as people at the same 
time that we learn about their general medical 
status. We need to be truly available to them 
(nights and weekends), to be interested in and 
knowledgeable about their general physical 
and psychological states. 

We must become our patients’ advocates in 
dealings with other physicians, with insurance 
companies, and with the manufacturers of med- 
ications and such devices as intraocular lenses. 
To borrow from the rhetoric of the 1960s: if we 
are not part of the solution, we will surely be 
perceived as part of their problems. 

To build expertise outside our specialty, we 
must begin with a commitment to provide our 
own patients with state-of-the-art-and-science 
care, including the best preoperative and post- 
operative care. Such expertise requires as wella 
conscious effort to attend appropriate general 
medical and surgical grand rounds and to par- 
ticipate actively in the whole range of work 
done by medical staffs and local medical socie- 
ties. 

Most demanding of all, considering the pro- 
fusion of technical literature that swamps most 
of us already, we must find new ways to keep 
close to the frontiers of knowledge that other 
disciplines are constantly advancing. How 
much knowledge should an ophthalmologist or 
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orthopedist have about the diagnosis and medi- 
cal management of diabetes mellitus? More 
than we do and, likely, less than we could! I 
wonder whether the commitment to current 
capability can occur without two or three eve- 
nings per week of effort. I suspect that most 
established physicians have become Hax in their 
daily scholarship efforts. Continuing education 
is not only a necessary daily fact of life to hone 
skills in our area of expertise, but also an 
opportunity to keep abreast of medical advanc- 
es that affect the prognosis and comprehensive 
care of our patients. 

Broader continuing education is a responsi- 
bility that our specialty societies, working with 
medical schools, journals, and the new infor- 
mation technology, could surely help us to 
shoulder. The effort could begin, I believe, with 
a reconsideration of the timing and pressure we 
put on students to decide their specialties early 
in medical school. Not only ought we to discuss 
the value of delaying that elective choice, but 
we ought also to explore new ways to expose 
students more to generalists and their reward- 
ing work. 

Much of medical education is based on pre- 
ceptorship, and the role models whom students 
and residents see most often are, understanda- 
bly, the pioneers of the newest techniques, the 
most advanced specialists and subspecialists. 
We must re-examine that arrangement to see if 
there are not ways to balance the exposure 
better or even to tip the scales a little toward 
role models whose interests and talents range 
across a broad field of medical knowledge and 
technology. 

For those of us already in practice, two kinds 
of support systems are needed. One should be 
an endeavor by our specialty societies to report 
to us, at least in synthesis, the medical advances 
in other fields most likely to bear on our work. 
In the publications that cross our desk, or often 
pile up on our bookshelves, we should demand 
and receive dispatches from other fronts in 
medicine. And given the state of modern com- 
munications, we might well ask for some of 
those reports to be repackaged as videotapes of 
the lectures that students are receiving from 
distinguished educators. 

The second support mechanism would fit 
with the recommendations I made for indepen- 
dent, individual action by specialists to reach 
out to their colleagues in other fields. To help 
that process outside medical grand rounds, I 
would envision state, regional, and national 


societies putting the interaction on a systemat- 
ic, organized basis of interdisciplinary educa- 
tional programs. What is required is the imagi- 
nation to break down the barriers of 
incomprehension, and often indifference, be- 
tween specialties and to re-establish in a format 
that is both social and academic the sense of 
medicine as a community. 

Finally, this collaboration must involve the 
top of the profession, the specialty boards, 
academies, colleges, and educational institu- 
tions that provide us with scientific and socio- 
economic leadership, but not often enough 
with collegial direction. Too preoccupied with 
the issues within their special area of responsi- 
bility and with the pressures on medicine from 
the public, our organizations do not give 
enough time and attention to the intraprofes- 
sional concerns they have in common. 

I would like to see our institutions stimulate a 
dialogue in public forums directed at the broad- 
est questions of all: What is a real physician? 
What comprises at once the essence of a special- 
ist and a generalist? What are the essential 
qualities and knowledge needed by all of us at 
this time, recognizing that the knowledge, if 
not the qualities, will change? These questions 
may not be answerable, yet it is important to 
ask them if our profession is to rise above the 
internal divisions that science and clinical prac- 
tice accentuate in our daily lives. 

There is something to be said for setting goals 
one does not know how to reach. That is what I 
have suggested, and I recognize that I have 
begged more questions than I have offered 
answers. But as the Book of Proverbs puts it, 
“Where there is no vision, the people perish.” 
The vision I offer is one of sustained and ardu- 
ous enterprise, demanding of us more time than 
we have, more energy and curiosity and pa- 
tience than it is fair to ask of any group of men 
and women. 

We need reform, based on thorough self- 
examination, of the full spectrum of our profes- 
sional activities, from ethics to economics, from 
our conduct as specialists to our behavior as 
citizens. 

Of one thing we can be certain. If physicians 
do not undertake this restructuring themselves, 
the twin pressures of competition and govern- 
ment regulation will impose rules we do not 
like and practices that further diminish the 
once-honored place of physicians in the com- 
munity. 

It will not be enough to say, with Mark Twain, 
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that “Nothing so needs reforming as other 
people’s habits.’’ For medicine, I believe, the 
impulse for reform must come from within. 
Faithful to that impulse, we can be faithful as 
well to the “Precepts” of Hippocrates and to his 
understanding that “Where there is love of 
man, there is also love of the art [of healing].”’ 

The advance of knowledge offers us the op- 
portunity to develop as scientists and experts. 
The pressure of the marketplace imposes on us 
the duty to be entrepreneurs as well. But the 
vision we must follow above all is the calling to 
a ministry of medicine, a unifying vision that 
can make us again proud of our profession and 
ourselves, worthy servants of our patients and 
fellow humans, and inspirational examples to 
future practitioners. 


Presented to the New England Ophthalmology Socie- 
ty, Dec. 15, 1989, as a portion of the duties of the first 
Harvard University Professor of Ophthalmology. 

Reprint request to Bruce E. Spivey, M.D., Pacific Pres- 
byterian Medical Center, 2340 Clay, San Francisco, CA 
94115. 
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OPHTHALMIC MINIATURE 

But it hadn’t been easy keeping Miranda inconspicuous. Her eyes were a 
very pale green, so pale as to look transparent in a certain light. The black 
iris at the center seemed deeper by contrast, a dart aimed at the observer. 
The intensity of that look, like her seeming aloofness, came from an 
astigmatism, a slight cast in her left eye. But Miranda refused to wear 
glasses, or even contact lenses, afraid they might scratch her pupils. So to 
bring things and people into perspective, she had to squint and focus hard. 


Gwen Davis, Silk Lady 


New York, Warner Books, 1986, pp. 2 and 3 
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Incontinentia Pigmenti 


Robert A. Catalano, M.D. 


Incontinentia pigmenti, also known as Bloch- 
Sulzberger syndrome, is a rare X chromosome- 
linked disorder characterized by a triphasic 
dermopathy and variable malformations of the 
eyes, teeth, and central nervous system. The 
abnormal and dominant X chromosome, re- 
sponsible for changes in females, causes death 
in male fetuses.’ 





See also p. 701. 





The first stage of the skin lesions occurs 
within days of birth and consists of a linear 
pattern of erythema and bullae on the extremi- 
ties (Fig. 1). At approximately 2 months of age 
the vesicular lesions are superseded by verru- 
cous lesions that last several months (Fig. 2). 
The final stage of irregular, whorled, marbled 
pigmentation occurs a few months later (Fig. 3). 
This pigmentation is most pronounced on the 
trunk. Dental anomalies include delayed denti- 
tion and missing and cone-shaped teeth (Fig. 
4). Central nervous system abnormalities in- 
clude seizure disorders, microcephaly, and mo- 
tor disturbances.’* 

Retinal findings range from avascularity in 
the peripheral temporal retina (Fig. 5) to fibro- 
vascular proliferation with retinal dysplasia 
and cicatricial retinal detachments.** The eyes 
are often asymmetrically involved, and the af- 
fected eye is often microphthalmic.’? Ocular 
involvement occurs in approximately one third 
of affected individuals; if abnormalities do not 
appear within the first year of life the prognosis 
for normal vision is good.’ 

The striking similarity to the retinal changes 
seen in retinopathy of prematurity and familial 
exudative vitreoretinopathy have led several 
investigators to propose that the proliferative 
changes in incontinentia pigmenti occur in re- 
sponse to a hypoxic stimulus.*"* Using this 
analogy, several clinicians have reported at- 
tempts to treat the retinal changes in inconti- 
nentia pigmenti with a modality believed effi- 
cacious for retinopathy of prematurity.””'' The 
great variability in reported success attests that 
the understanding of incontinentia pigmenti is 
far from complete. Many questions regarding 
the pathogenic basis of the ocular findings re- 


main unanswered. To develop a pathogenic 
theory, I will review what is known and ques- 
tioned about the disorder. 

The first (vesicular) stage of the skin lesions 
of incontinentia pigmenti is associated with 
massive intraepidermal and dermal macro- 
phages and eosinophils.’ Electron micro- 
scopic studies have demonstrated phagocytosis 
by macrophages of dyskeratotic keratinocytes 
and melanocytes.’ The inducer of dysplasia 
that provokes the macrophage response is un- 
certain. The occurrence of eosinophilia is even 
more perplexing. Eosinophils have long been 
associated with immunologic processes and eo- 
sinophil chemotactic factors have been linked 
to specific types of immunologic mechanisms 
involved in tissue damage. Experimental data 





Fig. 1 (Catalano). Stage 1, vesicular dermopathy of 
incontinentia pigmenti on the right leg of a 15-day- 
old infant. 
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Fig. 2 (Catalano). Stage 2, verrucous dermopathy 
on the right hand of the same infant at 2 months of 
age. 


suggest that the eosinophil serves to constrain 
the immune response, which minimizes its un- 
necessary spread.” 

The timing and distribution of the skin 
changes are also peculiar. Although skin 
changes typically occur within the first days of 
life, few children, if any, have been described 
with lesions present at birth. The hyperpig- 
mented (third stage) skin lesions do not occur 
along skin lines arranged about nerve or vascu- 
lar structures, rather they occur along skin lines 
predisposed to melanocytotic differentiation as 
noted by the propensity of nevi to develop at 
these sites." 

In the retina, nodular accumulations of mac- 
rophages containing melanin have also been 
described. Typically, retinal pigment epithelial 
proliferation” and foreign body giant cells!’ 
overlie these accumulations. Early retinal vas- 
cular changes are characterized by abnormal 
arteriovenous connections and intraretinal mi- 
crovascular anomalies in the peripheral tem- 
poral retina.”* In some individuals this leads to 
retinal dysplasia and a proliferative retinopa- 
thy. Retinal abnormalities typically occur in 
infancy but progression has occasionally been 
observed late in childhood.” Similar dysplastic 
retinal changes have been reported after fetal 
inoculation with bluetongue virus in sheep,” 
after photocoagulation of the retina in chick 
embryos,” and in humans subsequent to fetal 
x-irradiation.” It is important to contrast these 
findings to the observation that injuries to ma- 
ture retina lead to degeneration without signs 
of dysplasia.” 

The unsolved mysteries of this disorder are 
many. Why do eosinophilia and foreign body 
giant cells proliferate? What causes the dysker- 











Fig. 3 (Catalano). Stage 3, whorled pigmentary 
dermopathy on the right trunk of the same infant at 6 
months of age. 


atosis and retinal dysplasia that precipitate the 
macrophage response? Why are the skin chang- 
es seen only after birth, and why do they 
become evanescent after only a few years of 
life? Why is the only area of retina affected the 
area that is immature at birth, and why are the 
eyes typically so asymmetrically involved? If 
retinal hypoxia is the cause why do some pa- 
tients have large areas of avascular retina and 
no retinal dysplasia or proliferation? Why do 
some patients manifest retinal abnormalities in 
late childhood, and why are the results of 
treatment so inconsistent? Recent findings may 
help unravel some of these mysteries. 

A review of the findings in incontinentia 
pigmenti suggests that the affected gene is 
responsible for directing cell differentiation. 
With this in mind, two theories on the patho- 
genesis of incontinentia pigmenti can be 
developed. One theory is that the abnormal 
gene codes for a nonfunctioning protein that 





Fig. 4(Catalano). Missing and cone-shaped teeth in 
a 30-year-old woman with incontinentia pigmenti 
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Fig. 5 (Catalano). Fluorescein angiogram of avascu- 
lar temporal retina in the right eye of a 26-year-old 
woman with incontinentia pigmenti. Note the termi- 
nal arborization of vessels and the arteriovenous 
communications. This patient's niece had prolifera- 
tive retinopathy and developed a total retinal detach- 
ment in one eye. 


cannot support differentiation, hence the non- 
viability of hemizygous male embryos. This 
theory, however, does not explain the propensi- 
ty of changes to occur shortly after birth and 
why these changes appear to incite a Type II 
(cytotoxic) inflammatory response. 

A more compelling theory may be that an 
abnormal heritable deoxyribonucleic acid se- 
quence renders the gene that directs differenti- 
ation inactive and the X chromosome upon 
which it is located susceptible to further chro- 
mosomal aberrations. In this instance the pri- 
mary abnormality would impair development 
of male embryos, while mosaically protected 
heterozygous females would remain suscepti- 
ble to subsequent additional chromosomal ab- 
errations. 

In support of this hypothesis, increased chro- 
mosomal breakage has been reported in several 
families with incontinentia pigmenti.” Al- 
though it remains controversial, several reports 
have also indicated a common X chromosome 
breakpoint.” ” A common breakpoint in a chro- 
mosome supports a heritable susceptible alter- 
ation in the DNA sequence.” Spontaneous or 
induced chromosomal breakage may result in 
the production of an abnormal protein or the 
lack of production of anormal regulatory agent. 

Migeon and associates” suggested that if an 
altered protein is responsible it would be auton- 
omous to the cell; that is, it is not transmitted 
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Fig. 6 (Catalano). Proposed pathogenic pathway for 
the development of proliferative retinopathy in in- 
continentia pigmenti. 


between cells. A plasma membrane constituent 
would be expected for a cell directing the devel- 
opment and organization of a tissue. Comple- 
tion of this theory would require that the abnor- 
mal protein in the cell membrane incites a Type 
II (cytotoxic) inflammatory response. This is 
similar to what is believed to occur in some 
well-recognized autoimmune diseases, such as 
Goodpasture’s syndrome. 

The final piece of the puzzle would then 
require that the inflammatory response stimu- 
lates an abnormal vascular response. A distinc- 
tive feature of incontinentia pigmenti is macro- 
phage activation, and it has been well 
demonstrated that macrophages that are prop- 
erly activated can stimulate angiogenesis.” 
The severity of the vascular abnormality would 
be dependent on the proportion of abnormal 
cells in these mosaic individuals. Individuals or 
eyes with a high proportion of abnormal retinal 
pigment epithelial cells may develop a massive 
response with overwhelming neovasculariza- 
tion. The inflammatory response and attendant 
production of an angiogenesis factor may be 
minimal or easily arrested in eyes with few 
abnormal retinal pigment epithelial cells. 

It has also been shown that selection disfa- 
vors cells expressing the mutant gene in pa- 
tients with incontinentia pigmenti.” Mutations 
at the incontinentia pigmenti locus appear det- 
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rimental to the cell’s proliferation. This may 
explain the cessation of the retinopathy and 
skin changes with time. Selection against ab- 
normal cell populations may also contribute to 
the variability of expression between the two 
eyes and between individuals. If the selection is 
not absolute, cell lines still responsible for 
differentiation remain prone to inducible and 
spontaneous chromosomal aberrations, hence 
the susceptibility of the peripheral temporal 
retina. 

Late spontaneous changes likely account for 
the few individuals with late manifestations of 
the disease. The majority of affected females, 
however, appear to be susceptible to a postnatal 
inducing factor that causes chromosomal aber- 
ration and an altered cell or cell product at 
birth. The nature of this inducing factor is 
unknown. One possibility is electromagnetic 
radiation, in the form of infrared, visible, or 
ultraviolet light. This would explain the protec- 
tion afforded females in utero. 

The proposed pathogenic basis for the ocular 
findings in incontinentia pigmenti is shown in 
Figure 6. A similar phenomenon can be pro- 
posed for the skin changes. This admittedly 
elaborate theory does not fully explain why 
retinal changes are occasionally not seen until 
as late as 8 years of age in some affected 
females. Furthermore, the basis of electromag- 
netic radiation inducing chromosomal aberra- 
tion is speculative. Developments in other 
fields of science, however, suggest a heritable 
chromosomal instability and an abnormal gene 
product in the cell membrane. The postulate of 
a cytotoxic inflammatory response to this ab- 
normal gene product and the induction of a 
macrophage-related angiogenesis factor bridg- 
es the gap between the heritable abnormal gene 
and the described retinal changes. Rahi and 
Hungerford’ have also postulated that an angio- 
genic factor stimulates the neovascular re- 
sponse. 

Any effort to explain the pathogenesis of 
incontinentia pigmenti must address the puz- 
zling findings of eosinophilia, postnatal devel- 
opment of abnormality in females, and the 
principal involvement of incompletely differen- 
tiated retina. Incontinentia pigmenti may be 
caused by an abnormal DNA sequence on the X 
chromosome, which impairs the production of 
a protein needed for cell differentiation and 
causes death in male fetuses. A subsequent 
spontaneous or induced aberration of this un- 
stable chromosome results in an autologous 
inflammatory disorder directed against an al- 
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tered gene product linked to the gene responsi- 
ble for differentiation. The resultant inflamma- 
tion is responsible for the majority of the skin 
and ocular findings of the disorder. The varia- 
bility in expressivity relates to mosaicism and 
early selection against abnormal cell popula- 
tions. 


From the Department of Ophthalmology, Lions Eye 
Institute, Albany Medical College, Albany, New York. 
This study was supported in part by an unrestricted 
grant from Research to Prevent Blindness, Inc. 
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Incontinentia pigmenti is a rare X chromo- 
some-linked disorder in which affected female 
infants develop characteristic skin, ocular, den- 
tal, and central nervous system abnormalities.’ 





See also p. 696. 





The chromosomal abnormality responsible 
for the changes in females causes death in male 
fetuses. In the eye, the initial retinal defect 
appears to involve abnormal arteriovenous 
connections, intraretinal microvascular ano- 
malies, and avascularity of the peripheral tem- 
poral retina.’ In approximately one third of 
affected individuals, retinal fibrovascular pro- 
liferation and total retinal detachment can de- 
velop. 

Treatment of the peripheral retinopathy of 
incontinentia pigmenti with laser photocoagu- 
lation or cryotherapy has been described in 
seven children.’® Four children had successful 
outcomes. The treatment of the retinopathy of 


incontinentia pigmenti, however, has not been 
well defined. We treated a patient with inconti- 
nentia pigmenti in whom progression to total 
retinal detachment occurred despite an initial 
favorable response to cryotherapy. 

A 15-day-old girl was referred by a dermatol- 
Ogist for an ocular examination after a skin 
biopsy of multiple vesicular eruptions con- 
firmed a clinical diagnosis of incontinentia pig- 
menti. The entire right half of her body was 
involved. Four days before the examination, the 
patient's mother had noted a change in the 
color of the iris in the right eye. Examination 
disclosed markedly dilated iris vessels and di- 
lated tortuous retinal vessels with superficial 
hemorrhages, abnormal arteriovenous connec- 
tions, and avascularity in the peripheral (zone 
3) retina of the right eye. Follow-up examina- 
tion at 29 days of age showed progression of 
involvement with hemorrhage at the junction 
between vascularized and avascular retina (Fig- 
ure) and dilated and tortuous vessels in the 
posterior pole. The left eye was uninvolved. At 
30 days of age, 39 applications of external 
cryotherapy were applied to the avascular zone 
of the retina in the right eye. Examination 11 
days after treatment disclosed diminished iris 
and retinal vessel engorgement and regression 
of hemorrhage. At 8 weeks of age, an intermit- 
tent right esotropia and hypotropia were noted, 
and occlusion therapy was initiated. At 5 
months of age, the fixation preference for the 
left eye continued, and trace pallor of the right 
optic disk was noted. Retinal vessel engorge- 
ment, however, had resolved and no hemor- 
rhage was present in the peripheral retina. 
Examination two months later showed leuko- 
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Figure (Catalano, Lopatynsky, and Tasman). Hem- 
orrhage at the junction of vascularized and avascular 
retina of the right eye at 30 days of age. 


coria and an afferent pupillary defect. Ultrason- 
ography disclosed vitreous hemorrhage and an 
open funnel retinal detachment in the right eye. 
One month earlier, the patient’s mother had 
noticed a change in the patient’s visual behav- 
ior with the left eye occluded. 

Best and Rentsch’ were the first to report an 
attempt to treat the peripheral retinopathy of 
incontinentia pigmenti in one eye of one child. 
They used photocoagulation and were unsuc- 
cessful in arresting the proliferation. Watzke, 
Stevens, and Carney,’ however, achieved suc- 
cess with a follow-up of six months by using 
photocoagulation directly to the proliferative 
tissue. Nix and Apple’ also successfully treated 
fibrovascular proliferation in one eye of one 
patient with a follow-up of 15 months. They 
used cryotherapy and treated the hemorrhagic 
mass directly. Tornambe’ described a patient in 
whom photocoagulation to the avascular retina 
alone retarded progression of fibrovascular 
changes in the less affected eye but failed in the 
more affected eye. Schocket® described a similar 
patient in whom photocoagulation was unsuc- 
cessful in one eye. Finally, Nishimura and asso- 
ciates’ reported that photocoagulation arrested 
progression of vascular proliferation in one 
patient, and Rahi and Hungerford’ reported a 
single case in which cryotherapy applied to the 
avascular retina in each eye was successful in 
reversing the appearance of new vessels. 

The reasons for the variable success of photo- 
coagulation or cryotherapy in arresting the vas- 
cular changes in incontinentia pigmenti is not 
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clear. These few reports suggest that the out- 
come may be more favorable if the abnormal 
vascular tissue is treated directly. An explana- 
tion for this may be that the neovascular re- 
sponse is incited by the abnormal retinal tissue, 
rather than the avascular retina. The indica- 
tions and timing of intervention in individuals 
with proliferative changes associated with in- 
continentia pigmenti also remain undeter- 
mined. We believe that treatment should be 
offered for patients with progression of vas- 
cular abnormalities with consideration given 
to direct treatment of the abnormal vascular 
tissue. 
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Familial Mediterranean fever is an inherited 
disorder of unknown origin characterized by 
recurrent episodes of fever, peritonitis, pleuri- 
tis, and less commonly arthritis and skin le- 
sions, which occurs predominantly in patients 
of Armenian, Arabic, and Sephardic Jewish 
ancestry. Diagnosis is based on a history of 
typical acute attacks, ethnic background, and 
frequently a notable family history. There is no 
specific laboratory test for this disease. The 
white blood cell count and the erythrocyte 
sedimentation rate are generally increased dur- 
ing the attacks but are normal between them.! 

The main ocular involvement in familial 
Mediterranean fever is the appearance of reti- 
nal changes, which resemble colloid bodies.” 
Involvement of the outer eye with symptoms of 
episcleritis has been reported.’ Uveitis in these 
patients is rare, and anterior uveitis in one eye 
of a patient with familial Mediterranean fever 
who later developed episcleritis in the same eye 
has been described.’ Patients typically respond 
favorably to preventive treatment with colchi- 
cine, 0.5 mg, twice daily on a continuous basis.’ 
We treated a patient who had bilateral panu- 
veitis and familial Mediterranean fever. 

A 19-year-old Sephardic Jewish man was ad- 
mitted to our department because of bilateral 
panuveitis and previous rhegmatogenous reti- 
nal detachment in the left eye apparently 
caused by three tears resulting from the posteri- 
or uveitis. Flare and cells in the vitreous and the 
anterior chamber in both eyes, more pro- 
nounced in the left eye, supported the diagno- 
sis of panuveitis. The patient’s parents were 
from North Africa (Tunisia). The patient had 
typical familial Mediterranean fever paroxysms 
of fever accompanied by abdominal pain from 
the age of 17 years, but was not treated with 
preventive colchicine. He had four brothers 
with the same disease. During hospitalization, 
a comprehensive examination did not demon- 
strate any specific pathologic findings. 

The patient was treated for ten days with 
local and systemic corticosteroids, and an en- 
circlement operation was performed on the left 
eye. After the operation, the retina attached. In 
the next three months, treatment with colchi- 
cine, 0.5 mg, twice a day was given. Corticoster- 
oid treatment was gradually tapered. Six 
months later a flare-up of the panuveitis was 
noted in both eyes. Flare and cells were evident 
in the anterior chamber and the vitreous, and 


keratic precipitates were noted in both corneas. 
The colchicine dose was increased to 1.0 mg 
twice daily. No systemic corticosteroid treat- 
ment was given. After one month of this treat- 
ment the uveitis in the right eye resolved com- 
pletely. In the left eye the anterior uveitis 
resolved completely and the vitreitis improved 
markedly. 

The favorable response of the uveitis to tem- 
porary augmentation of the daily colchicine 
treatment dose further strengthens the associa- 
tion with familial Mediterranean fever. 
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Neuroretinitis is a specific form of optic neu- 
ritis characterized by loss of vision with typical 
visual field defect in the affected eye. The dis- 
ease is prevalent in youngsters, usually unilat- 
eral, and has an acute onset.' Cat scratch dis- 
ease (benign inoculation lymphoreticulosis) is 
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Fig. 1 (Bar and associates). Left fundus shows 
severe disk edema, prepapillary hemorrhages in the 
lower pole of the disk, and extensive macular star. 


an infectious disease characterized by regional 
lymphadenitis, sometimes suppurative, secon- 
dary to skin lesions that are caused by a cat 
scratch. A scratch or close contact with a cat is 
followed after a lag of a few days to several 
weeks by unilateral regional lymphadenopa- 
thy.” The natural progression of the disease is 
benign, but in rare cases it may cause systemic 
manifestations.” 

A 10-year-old boy was admitted to our insti- 
tution because of deterioration of vision in the 
left eye. Three weeks before his admission, he 
was scratched by a cat on the right forearm. A 
few days later, the patient had pain in the right 
chest wall, and a tender mass was palpable over 
the fifth to sixth rib in the midaxillary line. Two 
days later, the patient had fever and an in- 
creased erythrocyte sedimentation rate of 37/ 
76 mm/hr. He was treated orally by cloxacillin 
1.5 g/day and amoxicillin 2 g/day. 

On admission, visual acuity in the right eye 
was 20/20. In the left eye, visual acuity was 
counting fingers from 1 m, and the anterior 
chamber was normal, with mild cells in the 
vitreous. Blurred disk margins were accompa- 
nied by hemorrhages, prominent edema of the 
nerve fiber layer, venous congestion, and a 
macular star exudate (Fig. 1). The retinal pe- 
riphery was normal. There was a moderate left 
pupillary afferent defect. Color vision was im- 
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Fig. 2 (Bar and associates). Left fundus six months 
later shows normal disk, and minute remnants of the 
exudates temporally to the macula. 


paired severely in the left eye. In the left visual 
field there was a cecocentral scotoma. Results 
of all blood tests, including serologic tests, 
were within the normal limits. A skin test for 
cat scratch disease was strongly positive 72 
hours after intradermal injection of purulent 
material from a lymph node of a patient with 
cat scratch disease, which served as an antigen. 
A skin test is considered positive if a papule of 
10 mm‘ or larger appears after 48 to 72 hours. 
Acute neuroretinitis caused by cat scratch 
disease was diagnosed. Treatment by predni- 
sone 60 mg/day orally with tapering to a main- 
tenance dose of 20 mg/day was begun. Visual 
acuity improved to L.E.: 20/200 with improve- 
ment of the fundus findings. Three months 
after the onset of the disease, visual acuity was 
improved to L.E.: 20/30. Fundus examination 
disclosed distinct borders of the disk, normal 
color, no hemorrhages, and minimal macular 
edema (Fig. 2). One year later, there was com- 
plete resolution of the signs and symptoms. 
Cat scratch disease is a self-limiting disease 
characterized by regional lymphadenopathy af- 
ter an incubation period of three to ten days 
after a scratch by a cat or close contact with it.’ 
Brazis, Stokes, and Ervin’ reported a patient 
with cat scratch disease associated with optic 
neuritis. This disease should be suspected in 
children with idiopathic neuroretinitis. 
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We treated a 13-year-old girl who had prop- 
tosis of the right globe for six weeks before 
examination. The patient had no previous trau- 
ma, infection, tumor, pain, diplopia, or visual 
loss. Visual acuity was 20/20 in each eye. 
Results of the extraocular motility and pupil- 
lary examinations were normal. No afferent 
pupillary defect was seen on the right side. The 
palpebral fissure height was R.E.: 9 mm and 
L.E.: 8 mm. Hertel exophthalmometry demon- 
strated proptosis on the right side with readings 
of R.E.: 21 mm and L.E.: 18 mm. Goldmann 
visual fields were full in each eye. Results of 
anterior segment and fundus examinations 
were normal. Intraocular pressure by applana- 
tion tonometry was R.E.: 18 mm Hg and L.E.: 
16 mm Hg. Results of a neurologic examination 
of the patient were unremarkable. 

A cystic hypodense mass in the right middle 
and posterior cranial fossa associated with 





marked enlargement of the superior ophthal- 
mic vein was noted (Fig. 1). The mass extended 
from the right cerebellopontine angle to the 
cavernous sinus. No intraorbital tumor was 
identified. Moderated proptosis of the right eye 
was seen (Fig. 2). 

The patient underwent a right subtemporal 
craniotomy for resection of the tumor. Com- 
plete resection was not possible secondary to 
infiltration of the trigeminal nerve by the tu- 
mor. The histopathologic diagnosis of the tu- 
mor was a lipoma. 

Postoperatively there was complete resolu- 
tion of proptosis within six days after surgery. 
Hertel exophthalmometry measurements were 
17 mm in each eye. Follow-up computed tomo- 
graphic scans showed no evidence of superior 
ophthalmic vein enlargement over the next 
three years. 

The superior ophthalmic vein provides the 
major orbital venous drainage as it courses 
through the orbit. The supraorbital, supra- 
trochlear, and angular veins of the face con- 
verge to form the vein in the anterior portion of 
the orbit. The vortex veins and the inferior 
ophthalmic vein contribute to the vein posteri- 
orly. The superior ophthalmic vein drains into 
the venous spaces of the cavernous sinus after 
passing through the superior orbital fissure. 
The absence of valves in these veins allows the 
possibility for blood flow reversal with result- 
ing intraorbital and episcleral venous enlarge- 
ment as well as extraocular muscle engorge- 


ment. 


Fig. 1 (Howard, Nerad, and Carter). Computed 
tomographic scan of orbits and middle cranial fossa 
showing superior ophthalmic vein enlargement and a 
hypodense mass (right side). 
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Fig. 2 (Howard, Nerad, and Carter). Mild proptosis 
of the right eye on downgaze. 


Superior ophthalmic vein enlargement has 
been documented by high resolution computed 
tomography.’ Radiologic studies involving 
these techniques have been used to divide this 
vein into either two or three distinct seg- 
ments.’* One anatomic review measured a nor- 
mal mean diameter of 2.0 mm anteriorly widen- 
ing to 3.5 mm posteriorly.” This is surprising, 
since many computed tomographic scans dem- 
onstrate more venous enlargement occurring 
adjacent to the globe in the midorbital or ante- 
rior portion of the vein. Classically, this is seen 
on computed axial tomographic scans as a diag- 
onal vascular band near the posterior aspect of 
the globe, coursing anteronasally to postero- 
laterally. 

Known mechanisms for superior ophthalmic 
vein enlargement include arterialization of the 
orbital veins and external venous compression 
by orbital mass effect.’ Arterialization most 
commonly occurs with carotid-cavernous fistu- 
las in which rupture of the carotid artery may 
pump blood into the venous spaces of the 
cavernous sinus.” Other examples _ include 
dural-sinus shunts and congenital arteriove- 
nous malformations.’ External venous com- 
pression may be the result of extraocular mus- 
cle enlargement secondary to thyroid disease, 
inflammation, infection, or neoplasm.’ In our 
patient, extraorbital venous compression re- 
sulted from an intracranial lipoma pushing 
against the cavernous sinus. We postulate that 
compression on the cavernous sinus resulted in 
venous stasis in the superior ophthalmic vein 
and vascular engorgement of the extraocular 
muscles, which led to ocular proptosis. 
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Orbital and periorbital findings in individ- 
uals who have tested positive for human immu- 
nodeficiency virus include eyelid involvement 
by Kaposi's sarcoma, varicella zoster, and mol- 
luscum contagiosum, as well as orbital lympho- 
ma, eosinophilic granuloma, and pseudo- 
tumor.” I treated a patient who had orbital 
lymphoma with proptosis as the initial sign of 
acquired immunodeficiency syndrome. 

A 33-year-old man had an intense dull head- 
ache in the right retrobulbar region for a few 
days that became more intense on coughing. 
Ophthalmic examination disclosed mild right 
proptosis with the absence of neuro-ophthal- 
mic findings. Physical examination disclosed an 
erythematous tender pustule on the shaft of the 
penis. The patient was bisexual and a percuta- 
neous drug abuser. Extensive systemic exami- 
nation confirmed the diagnosis of immunoblas- 
tic large cell lymphoma localized to the right 
orbit and ethmoid sinus (Figure). The patient 
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Figure (Mansour). Axial computed tomographic 
scan showing tumor infiltration of the right medial 
orbit and right ethmoid sinus. 


tested positive for HIV by enzyme-linked im- 
munosorbent assay. Radiotherapy was admin- 
istered to the right orbit and ethmoid sinus with 
good response. One month later, the patient 
developed moderate proptosis with erythema- 
tous swelling of the eyelids on the right side. An 
air-fluid level was noted by computed tomo- 
graphic scan in the right ethmoid sinus. Ante- 
rior orbital aspirate grew Staphylococcus aureus. 
There was resolution of the preseptal cellulitis 
and sinusitis on intravenous ciprofloxacin ther- 
apy. Subsequently, the patient developed cyto- 
megalovirus hepatitis, retinal cotton-wool 
spots, midbrain toxoplasmic cyst, and Mycobac- 
terium avium infection of the colon. He died 
from gram-negative sepsis one year after ocular 
manifestation. 

A review of orbital and adnexal findings in 
127 patients with AIDS and 50 patients with 
AIDS-related complex who underwent an ocu- 
lar examination between January 1984 and May 
1989 at my institution disclosed Kaposi's sarco- 
ma of eyelids (two patients) and orbit (one 
patient), varicella zoster ophthalmicus with 
eyelid involvement (two patients), and orbital 
lymphoma (one patient). Patients with Kaposi's 
sarcoma of the eyelids or orbital lymphoma had 
low T-helper and T-suppressor ratios (0.3 and 
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0.2, respectively) and died within one year after 
the ocular findings. Orbital lymphoma and var- 
icella zoster infection of the eyelid were the 
initial signs of HIV infection in two patients. 
Besides retinal findings, orbital findings can be 
the first sign of previous HIV exposure.’ 
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Tumors that metastasize to the orbit originate 
in many locations. In terms of incidence, breast, 
lung, and prostate tumors are most likely to 
metastasize to the orbit.’- From 5% to 14% of 
gastrointestinal tumors metastasize to the or- 
bi 

Patients who have orbital metastases are usu- 
ally in their 60s.'* We treated gastrointestinal 
carcinoma and mucin-producing adenocarcino- 
ma metastasizing to the orbit in a 36-year-old 
patient who had tested positive for human 
immunodeficiency syndrome but had no symp- 
toms of acquired immunodeficiency syndrome 
or AIDS-related complex. 

A 36-year-old bisexual man had nausea, 
vomiting, and a 25-lb weight loss over one 
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month’s time. The patient had also noted ab- 
dominal pain for one year that had worsened in 
the previous few weeks. The patient had had 
hepatitis B six years previously and had tested 
HIV-positive three months before admission to 
our institution. 

Physical examination disclosed tenderness to 
palpation but no abdominal mass. Cervical and 
inguinal adenopathy was also noted. The tem- 
poral aspect of the right eye was hyperemic. An 
abdominal ultrasound showed ascites around 
the liver. Upper endoscopy disclosed a large 
gastric ulcer with edematous folds and partial 
obstruction, but results of a biopsy showed 
only necrotic tissue. Laboratory findings were 
remarkable for a decreased absolute lympho- 
cyte count of less than 1,200/mm’. 

An ophthalmic consultation was requested 
for the patient’s right eye. The patient did not 
have pain, altered vision, or diplopia. Visual 
acuity in both eyes was 20/20 without correc- 
tion. Extraocular muscle testing disclosed a 
10% restriction of the right eye in right lateral 
gaze and 6 prism diopters of vertical muscle 
imbalance by red glass testing. The pupils were 
both 5 mm in diameter, round, and reacted to 
light and accommodation without any afferent 
defects. Results of color plate testing were nor- 
mal in each eye. 

A mild fullness was noted in the right upper 
eyelid. Exophthalmometry showed 4 mm of 
right proptosis. No orbital bruits were heard. 
Slit-lamp examination disclosed only mild tem- 
poral chemosis and hyperemia of the right eye. 
Intraocular pressure was normal. An examina- 
tion with a dilated pupil showed fine striae in 
the retina of the right posterior pole. 

An ultrasound showed an orbital mass of 
uniform echogenicity. A computed tomograph- 
ic scan showed a smoothly contoured mass of 
uniform contrast enhancement within the right 
orbit (Fig. 1). The optic nerve was seen in one 
section and an intraconal mass was considered. 
Additionally, there was partial opacification of 
the ethmoid and frontal sinus by the mass. 

A fine-needle biopsy of the intraconal mass 
was performed. The results showed features of 
adenocarcinoma with positive staining for mu- 
cin (Fig. 2). An occipital node biopsy was per- 
formed and gave supporting evidence to the 
diagnosis. The results showed anaplastic carci- 
noma with mucinous features and infiltrating 
fibroadipose tissue. This tissue stained posi- 
tively for mucin and had signet ring types of 
cells. 

A primary tumor of either the salivary gland 





Fig. 1 (Singer and associates). Computed tomo- 
graphic scan of the orbit showing a retroorbital mass 
of uniform density. 


or the gastrointestinal tract was suspected. An 
abdominal computed tomographic scan dem- 
onstrated borderline splenomegaly with para- 
aortic adenopathy and an increased thickening 
of the small bowel. A small bowel series dis- 
closed partial gastric outlet obstruction, and a 
liver spleen scan found splenomegaly and hep- 
atocellular disease. Subsequent exploratory 
laparotomy noted evidence of diffuse cancer of 
the gastrointestinal system extending into the 
pelvis. Results of biopsies performed during 
the procedure showed adenocarcinoma of the 
stomach. The patient was started on radiation 
therapy for the orbital metastasis and chemo- 
therapy (doxorubicin hydrochloride and mito- 
mycin) for the disseminated disease. 

Tumors that metastasize to the orbit are rela- 
tively uncommon. Font and Ferry’ showed that 
orbital metastases alone comprised 12.3% of all 
tumors metastatic to the orbit and eye. The 
incidence of ocular symptoms developing be- 
fore the discovery of the primary neoplasm 
range from 25% to 60%.°" 

The most common types of tumor that metas- 
tasizes to the orbit in the general adult popula- 
tion are lung, breast, and prostate. In patients 
with HIV infections, Kaposi’s sarcoma, lym- 
phoma, and oropharyngeal carcinoma com- 
prise most of the tumors seen.‘ 
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Fig. 2 (Singer and associates). Retroorbital biopsy 
specimen demonstrating anaplastic cells with mucin- 
secreting features consistent with adenocarcinoma 
(Best's mucicarmine stain, X 400). 


The symptoms and signs of our patient (full- 
ness of the eyelids, proptosis, muscle restric- 
tion, elicited diplopia on red glass testing, and 
fundus changes) were typical for an orbital 
metastasis. However, the young age of our 
patient, 36 years, and the finding that he was 
HIV-positive without any of the history or 
findings typical of a patient with AIDS, are 
atypical. A low absolute lymphocyte count un- 
der 1,200 /mm”* has been shown to be associated 
with progression of AIDS, namely the presence 
of thrush and cotton-wool spots (unpublished 
data). This alteration of the patient's immune 
system may have been responsible for the de- 
velopment of such an uncharacteristic malig- 
nancy for this age group. We believe our pa- 
tient’s tumor and orbital metastasis at a young 
age in association with a low absolute lympho- 
cyte count indicates an alteration of his im- 
mune status, which is typical of patients who 
are HIV-positive. 
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Human trichinosis in the United States has 
declined from 1947 to 1981.’ In recent years it 
has become a rare disease. Infestation of striat- 
ed muscles by Trichinella spiralis has been 
reported,” including extraocular muscles.”” 
Calcification of Trichinella cysts may be demon- 
strated by using x-ray or computed tomogra- 
phy. We used computed tomography of extraoc- 
ular muscles in a patient with seropositive 
trichinosis. 

A 28-year-old man had tasted pork when 
producing sausage in a butcher factory. He 
developed a slightly grippal infection. Ten days 
later, the patient noticed blurred vision in the 
left eye, and a hemorrhagic maculopathy was 


Fig. 1 (Behrens-Baumann and Freissler). Calcifica- 
tion (arrow) of the left inferior rectus muscle 
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Fig. 2 (Behrens-Baumann and Freissler). Calcifica- 
tion (arrow) of the left medial rectus muscle. 


detected. Results of serologic tests including 
syphilis, listeriosis, echinococcosis, histoplas- 
mosis, rheumatic factors, and the antistreptoly- 
sin titer were negative. Immunofluorescence 
test for toxoplasmosis was 1:16. Results of agar- 
gel precipitation for trichinosis and precipita- 
tion for living larvae were positive. The diagno- 
sis of trichinosis was made, and therapy with 
thiabendazole and corticosteroids was begun. 

One year later, visual acuity was reduced to 
20/400 because of the maculopathy. The pa- 
tient had blurred vision when reading for long- 
er than half an hour. Convergence was possible 
but slightly impaired. Ocular motility was 
otherwise not disturbed. Computed tomogra- 
phy of the extraocular muscles showed intra- 
muscular calcification (Figs. 1 and 2). The medi- 
al and inferior rectus muscles of the left eye 
were involved. The patient did not have pain on 
movement of the eye in any direction. 

In patients with ocular motility problems and 
a known history of trichinosis, computed to- 
mography may be useful in supporting a causal 
relationship. However, the time required for 
calcification of Trichinella cysts in humans 
range from three to four months.” Calcification 
of the extraocular muscles may be asympto- 
matic. 
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The decrease in visual acuity associated with 
cataracts is believed to be caused primarily by 
light scattering.’ Patients with unilateral cata- 
racts do not have afferent pupillary defects,’ 
which has added to the conviction that cata- 
racts do not significantly block or reflect light. 

Current methods of cataract extraction are 
primarily extracapsular, precluding a postoper- 
ative study of the light transmissivity of the 
lens. Several years ago at the Massachusetts 
Eye and Ear Infirmary, however, we were able 
to conduct such a study. Ten cataractous human 
lenses were obtained in the operating room 
immediately after intracapsular cataract cryo- 
extraction. The preoperative visual acuity and 
age of each patient were obtained from the 
hospital records. Lenses were also obtained 
from presumably normal eye bank eyes that 
had been placed in saline within 12 hours of 
death. As a further control, eyes of four pig- 
mented rabbits, 8 weeks of age, were dissected 
from the vitreous immediately after killing the 
animals. Each of these lenses was placed in a 
plastic cuvette and covered with silicone oil. 

Light transmission (direct and scattered) 
through each lens was measured by spectro- 
photometry according to the method of Libondi 
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the wavelength of light (Fig. 1). Transmission 
was greatest for red and least for blue. Light 
transmission varied with the age of the individ- 
ual (Fig. 2). For example, residual transmission 
was approximately 36% for green light in indi- 
viduals at age 34 years, but was reduced to only 
12% in individuals at age 60 years. The rabbit 
lenses showed similar light transmission val- 
ues. Like human lenses, rabbit lenses permitted 
greater transmission with light of longer wave- 
lengths. 

Cataractous lenses, associated with impair- 
ment of visual acuity, caused marked reduction 
(P = .0001) in light transmission in comparison 
with noncataractous lenses (Fig. 2). With visual 
acuity of 20/200, only 2% of the 470-nm light 
was transmitted. Similar reductions in trans- 
mission were found for 720- and 650-nm light. 
Transmission values through lenses associated 
with the lowest visual acuity (perception of 
hand motions) were only slightly lower. 

Thus, our results are consistent with those of 
Boettner and Wolter’ and confirm the study of 
Zigman and associates’ that cataractous lenses 
transmit only a small fraction of light at all 
wavelengths, as compared with normal lenses. 
If cataracts commonly produce such significant 
blockage in the transmission of light, then two 
important questions are raised. Why is it that 
patients with cataracts do not complain more 
often of a darkening of vision? Why does a 
monocular cataract not produce a relative affer- 
ent pupillary defect? The chronicity of cataracts 
may provide a basis for understanding these 
problems. 
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As early as 180 A.D., Galen suggested that 
patients with cataracts should have their pupils 
assessed in bright sunlight to predict the effects 
of cataract surgery (couching). In the next mil- 
lennium, other physicians noted that moderate 
opacities of the cornea or lens could have a 
profound effect on visual acuity and yet not 
produce an afferent pupillary defect.’ In contra- 
distinction, lesions of the optic nerve can pro- 
duce an afferent pupillary defect, often in the 
absence of diminished visual acuity.” 

The traditional explanation for why a monoc- 
ular cataract does not produce an afferent pu- 
pillary defect is that most cataracts scatter light. 
It was thought that the reduction in light that is 
reflected or absorbed by the cataract is offset by 
light scattering, which stimulates more retinal 
elements. We tested this and an alternate hy- 
pothesis by establishing correlations between 
afferent pupillary defect and brightness-sense 
disparity. Both are produced by monocular 
diminution of luminance as minimal as a 0.3- 
log unit of neutral density filter that blocks 
approximately 50% of light transmission. 

Although it is commonly assumed that cata- 
racts block only minimal amounts of light, 
Zigman and associates? found that the typical 
light transmittance of an optically significant 
human cataract was less than 10%. Thus, it 
seems paradoxic that a cataract that blocks five 
times more light than a 0.3-log unit neutral 
density filter fails to produce an afferent pupil- 
lary defect. 

We tested nine subjects for brightness-sense 
comparison with a special pair of spectacles 
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consisting of cross-polarizing filters.* These fil- 
ters could be rotated to permit transmittance of 
0% to 100%. The filters in front of the control 
eye were set to permit only 25% light transmit- 
tance, and the spectacles were worn by the 
subjects as they performed office activities un- 
der ambient illumination. The subjects were 
then re-examined and asked to rotate the filters 
in front of the test eye until the stimulus ap- 
peared equally bright with each eye.’ Testing 
was done at the start of the session and at 
half-hour intervals for three hours. At the start 
of each session, the subjects set the filters in 
front of the test eye to within 10% of the light 
transmission artifactually created in front of 
the control eye (Figure). Over the succeeding 
three hours, however, each subject chose set- 
tings for the test eye that reflected a progres- 
sively smaller sense of brightness disparity be- 
tween the two eyes (P = .01). 

None of the subjects were noted to have an 
afferent pupillary defect before testing. Once 
the filter over the control eye was set at 25% 
transmission, however, an afferent pupillary 
defect was detected in every subject. This affer- 





Figure (Sadun, Bassi, and Less- 
ell). Kinetics of compensation to 
brightness disparity. (One eye set 
at 25% transmission.) 


x Average of 7 normal patients 


O Average of 2 RP patients 
30 | Standard error of mean 


ent pupillary defect became less obvious at 
each testing interval and generally became in- 
apparent 30 to 60 minutes later. Three hours 
later, however, when the spectacles were re- 
moved, seven of the nine subjects had an obvi- 
ous afferent pupillary defect in the opposite 
direction to that which had been noted previ- 
ously. The eye that had not been covered by 
transmission-reducing filters appeared to have 
an afferent pupillary defect. This afferent pupil- 
lary defect disappeared quickly (within one to 
ten minutes) after removal of the spectacles at 
the end of the testing session. 

A monocular cataract reduces light transmis- 
sion a great deal more than does a 0.3-log unit 
filter and, therefore, should be capable of in- 
ducing an afferent pupillary defect. A cataract 
produces more than a tenfold loss of transmit- 
ted light, which is too great to be offset by the 
scattering of light over extra percipient retinal 
elements. Thus, the absence of an afferent pu- 
pillary defect in monocular cataract must be 
explained by another mechanism. The photo- 
chemical process of retinal dark adaptation 
might play a role. 
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Each of our subjects chose settings in their 
brightness-sense spectacles that reflected a de- 
creasing awareness of light disparity despite 
the partial occlusion of one eye. In the early 
stages, the compensation mechanism may have 
resulted from one or more mechanisms, includ- 
ing neural, retinal, and photochemical dark 
adaptation. These processes, however, work in 
the timeframe of a few milliseconds to a few 
minutes.’ Conventional retinal dark adaptation 
under mesopic conditions is virtually complete 
in 15 minutes, yet our subjects continued to 
have changes in the second hour. Therefore, we 
suggest that the prolonged kinetics of bright- 
ness-sense changes may also reflect sustained 
neuronal events distinct from the transient neu- 
ronal phenomena and from the photochemical 
processes that constitute parts of conventional 
dark adaptation. 

Cataracts develop slowly, allowing time for 
the retina to compensate for diminished bright- 
ness. We postulate a compensatory mechanism 
that permits the eye subjected to long-term low 
level illumination to maintain a normal range 
of signal to the brain. This mechanism pre- 
cludes the imbalance of input from each of the 
two optic nerves that would ordinarily produce 
an afferent pupillary defect in chronic monocu- 
lar occlusion, such as in unilateral cataract. 

The absence of an afferent pupillary defect in 
monocular cataract reminds us that the retina is 
much more than a simple relay from the percip- 
ient element to the brain. Information at the 
level of the retinal ganglion cells has already 
been thoroughly processed and modulated by a 
series of intervening cells. This modulation 
may permit the retina to compensate for even 
an opaque cataract, precluding an afferent pu- 
pillary defect. An afferent pupillary defect, 
however, will be seen when disease affects the 
retina, making such adaptations impossible, 
and also when disease impairs the optic nerve, 
beyond the reach of these retinal mechanisms. 
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The inflammatory destruction of the zonules 
has been recognized as one of the causes of 
spontaneous displacement of the crystalline 
lens.’* Some patients with chronic uveitis may 
develop a partial subluxation of the lens that 
can lead to operative complications if not rec- 
ognized. With the increased placement of intra- 
ocular lenses in eyes with uveitis," we have 
become aware of the different causes of zonular 
weakening. Such weakening may interfere with 
the correct positioning of the implant and lead 
to postoperative complications, such as the cap- 
ture of the intraocular lens by the iris. 

We tested three patients with chronic uveitis 
who developed cataracts and partial lens sub- 
luxation in both eyes. The condition was asym- 
metric and not recognized before the operation 
in the first eye of two patients (Cases 1 and 2). 
Ocular trauma or genetic disorders that predis- 
pose the lens to subluxation were not present. 
All patients had negative results of fluorescent 
treponemal antibody absorption tests. 
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Case 1 

A 58-year-old woman has had active Vogt- 
Koyanagi-Harada syndrome since 1979. Sys- 
temic, topical, and periocular corticosteroids 
and oral cyclophosphamide were taken for nine 
years. In 1988, the patient underwent a planned 
extracapsular cataract extraction in the right 
eye because of a dense posterior subcapsular 
cataract. An intraocular lens was not used be- 
cause of the severe and active uveitis. At the 
time of surgery the lens underwent subluxa- 
tion, which made the aspiration of the cortex 
extremely difficult. The procedure, however, 
was performed without complications; the pos- 
terior capsule remained intact and was well 
positioned. During the postoperative period, 
there was a moderate anterior chamber reac- 
tion. One month after the operation the rem- 
nant of the lens capsule was noticed to have 
shrunken and migrated superiorly (Fig. 1). In 
1989, the left eye, which also had posterior 
subcapsular lens changes, was noted to have a 
spontaneous subluxation of the lens with irido- 
donesis and phacodonesis. The subluxation in- 
creased, and three months later the lens equa- 
tor was seen under pupil dilation (Fig. 2). 
Cataract surgery was performed, and the lens 
dislocated spontaneously into the anterior 
chamber at the conclusion of the limbal inci- 





Fig. 1 (Belfort and associates), Case 1. Remnant of 
the lens capsule three months after the extracapsular 
cataract extraction in the right eye. 


Letters to the Journal 715 





Fig. 2 (Belfort and associates). Case 1. Lens sublux- 
ation in the left eye. 


sion. An uncomplicated intracapsular cataract 
extraction was then performed. 


Case 2 

A 64-year-old woman had ocular sarcoidosis, 
severe chronic bilateral uveitis, nodular scleri- 
tis, and secondary glaucoma for four years. She 
had been treated with corticosteroids, timolol, 
and atropine since the onset of the ocular in- 
flammation. Systemic cyclophosphamide was 
added to the therapeutic regimen in the last 
year. In 1988, a combined extracapsular cata- 
ract extraction and trabeculectomy was per- 
formed in the left eye. During the operation, the 
lens was noticed to be subluxated after the 
posterior synechiae were broken. The surgery 
was uncomplicated. In 1989, a planned extra- 
capsular cataract extraction was performed in 
the right eye, and the lens underwent subluxa- 
tion after the posterior synechiae were broken. 


Case 3 

A 31-year-old man had bilateral intermediate 
uveitis for ten years that had been treated with 
systemic corticosteroids and cyclosporine. Bi- 
lateral lens subluxation with iridodonesis and 
phacodonesis was noticed in 1990 as well as a 
bilateral posterior subcapsular cataract. The pa- 
tient underwent a planned extracapsular cata- 
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ract extraction with intraocular lens implanta- 
tion in the left eye. At the time of the anterior 
capsulectomy, the lens was almost completely 
detached from the zonules. A posterior cham- 
ber intraocular lens was placed in the sulcus. 
The postoperative period was uncomplicated, 
except for a hyphema that resolved four days 
after the operation. 
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Hydroxyamphetamine Mydriasis.:in 
Normal Subjects and 
Hydroxyamphetamine Mydriasis in 
Horner’s Syndrome 


EDITOR: 

The two articles on the use of Paredrine 
(parahydroxyamphetamine hydrobromide 1%), 
“Hydroxyamphetamine mydriasis in normal 
subjects” and ‘‘Hydroxyamphetamine mydria- 
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sis in Horner’s syndrome,” by S. A. Cremer, 
H. S. Thompson, K. B. Digre, and R. H. 
Kardon (Am. J. Ophthalmol. 110:66 and 
110:71, July 1990) were of particular interest 
to us because we have been unable to replen- 
ish our supply of Paredrine since September 
1989. SmithKline Beecham has discontinued 
the preparation of Paredrine. Indeed, they rec- 
ommend atropine sulfate, tropicamide, and cy- 
clopentolate hydrochloride as substitute mydri- 
atics (written communication from SmithKline 
Beecham, July 20, 1990). We do not consider 
these medications useful as either gentle myd- 
riatics or as appropriate testing mechanism for 
Horner’s syndrome. 

If the authors are aware of another source 
for hydroxyamphetamine, we would appreciate 
the information. 


SHARON KURITZKY, M.D. 
SIDNEY FISH, R.Ph. 
Amherst, New York 


Reply 


EDITOR: 

I have received many letters and telephone 
calls similar to that of Dr. Kuritzky and Mr. 
Fish in the last few months. The usual story 
has been something like this: The Paredrine 
bottle was brought out to help localize a Hor- 
ner’s syndrome. While putting the drops in the 
patient’s eyes, the eyelashes were touched 
with the glass dropper, but the dropper was, 
nevertheless, put back into the bottle. This 
prompted the physician to wonder if it was 
time to replace the Paredrine bottle. The expi- 
ration date was “1988,” so the bottle, still 
three-quarters full, was thrown out. Several 
weeks and several telephone calls later, the 
physician came reluctantly to the conclusion 
that there was no more Paredrine to be ob- 
tained anywhere and greatly regretted throw- 
ing away a three-year supply of an important 
diagnostic drug. 

Paredrine was approved by the Food and 
Drug Administration as a mydriatic in 1938, 
and it is still fully approved. Anyone who 
wanted to market hydroxyamphetamine hydro- 
bromide 1% as a mydriatic would be free to do 
so after filling out some relatively brief forms 
at the Food and Drug Administration. I hope 
that some eyedrop supplier will make this 
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drug available to us. Unit dose packaging 
would be nice; it might cost more, but it would 
always be clean, fresh, and available to help 
localize the lesion in Horner’s syndrome. 

There seems to be little point in starting 
over with tyramine hydrochloride 2%. Al- 
though tyramine has the same mechanism of 
action as hydroxyamphetamine, it does not 
have the long history of safe clinical use as a 
mydriatic, and it does not have the approval of 
the Food and Drug Administration. 

Dr. Kuritzky and Mr. Fish are correct in con- 
cluding that anticholinergic drugs are no sub- 
stitute for hydroxyamphetamine as a localizing 
test in Horner’s syndrome. Many decades ago, 
homatropine was offered as an aid in recogniz- 
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ing an anisocoria caused by Horner's syn- 
drome. The idea, it seems, was to put both 
sphincters at rest and thus emphasize the dif- 
ference between the normal dilator muscle and 
the palsied dilator muscle. I think this test 
failed to catch on because it was a weak effect, 
and it was soon realized that one could accom- 
plish the same thing by turning the lights cut 
and taking a flash photograph. This idea then 
evolved into the clinically useful concept that 
in unilateral Horner’s syndrome there was a 
greater anisocoria in darkness than in light. 


H. STANLEY THOMPSON, M.D. 
Iowa City, Iowa 


BOOK REVIEWS 


Edited by H. Stanley Thompson, M.D. 


Genome. By Jerry E. Bishop and Michael Wald- 
holz. New York, Simon and Schuster, 1990. 352 
pages, index, illustrated. $22.95 


Reviewed by EDWIN M. STONE 
Iowa City, Iowa 


This text seeks to explain the history, impor- 
tance, mechanics, and dangers of the molecular 
genetic revolution to readers who are not mo- 
lecular geneticists. The authors are aided in this 
ambitious task because they are Wall Street 
Journal science reporters and not scientists. 
Thus, they have a good sense of what readers 
already know, what they do not know, what 
they will find interesting, and what they will 
not find interesting. The authors avoid the usu- 
al approach of focusing on the mechanistic 
aspects of the technology and, instead, develop 
the story of human molecular biology as it 
winds through the personal lives of the investi- 
gators, their patients, and the scientific litera- 
ture. There is plenty of scientific detail in this 
book, including explanations of restriction 
fragment length polymorphisms, DNA se- 
quencing, Southern blotting, and other tech- 
niques; but, these details are dotted painlessly 
among vivid accounts of scientific and personal 
rivalry, career anxiety, personal determination, 
serendipity, and fantastic success. The book 
includes chapters about Huntington's disease, 
muscular dystrophy, retinoblastoma, colon 
cancer, and heart disease, as well as behavioral 
disorders such as alcoholism, manic depres- 
sion, and Tourette’s syndrome. References to 
the primary literature are scattered throughout 
the text for readers who would also like to read 
some of the original articles. The factual errors 
in the book are impressively few considering 
the large amount of medical and scientific terri- 
tory covered by the text. 

For the most part, the book is well balanced 
between two opposing views of the search for 
disease-causing genes. The first perspective is 
that of a powerful new technology that is likely 
to improve vastly the ability of physicians to 
diagnose and treat hundreds of diseases. The 
second view is that of a method of invading 
personal privacy unlike any that has existed 
before. It is unfortunate that the authors choose 
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to emphasize the societal dangers of the tech- 
nology in the last few chapters of the book, 
because it distracts the reader from the positive 
aspects of preimplantation and prefertilization 
diagnosis and gene replacement therapy, topics 
that are also discussed in the last chapters. 
Nonetheless, these chapters make the impor- 
tant point that the genetic technology has ad- 
vanced well beyond the current ethical frame- 
work. Every physician who examines patients 
during the next ten years is sure to face difficult 
technical and ethical problems caused by, and 
solved by, the rapidly expanding knowledge of 
human genetic disease. 

I recommend Genome as an overview of this 
exciting field. It is an enjoyable glimpse of the 
diagnostic and therapeutic power that physi- 
cians and scientists will share in the future. 


Atlas of Vitreoretinal Surgery. By H. MacKenzie 
Freeman and Felipe |. Tolentino. New York, 
Thieme Medical Publishers, 1990. 274 pages, 
index, illustrated. No price given 


Reviewed by DENNIS P. HAN 
Milwaukee, Wisconsin 


This atlas is intended “to provide the resi- 
dent, fellow, and vitreoretinal surgeon with a 
concise description of clinically proven surgical 
techniques used to manage vitreoretinal disor- 
ders, including penetrating ocular trauma.” 
Major topics covered include surgical anatomy, 
surgical instrumentation, basic and ancillary 
vitrectomy techniques, prevention and man- 
agement of complications, and management of 
a variety of conditions of specific interest to the 
vitreoretinal surgeon, including dislocated 
lenses, vitreous loss during cataract extraction, 
traction and rhegmatogenous retinal detach- 
ment, giant retinal breaks, proliferative vitreo- 
retinopathy, macular pucker, vitrectomy in 
children, endophthalmitis, and trauma. Each 
chapter begins with a concise, well-referenced 
description of the topic in question, followed by 
a step-by-step series of illustrations accompa- 
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nied by a brief text. The 538 illustrations are 
beautifully detailed, and the format is instruc- 
tive and easy to follow. The chapter, Surgical 
Anatomy, carefully summarizes the ocular 
landmarks of topographic relevance to the vit- 
reoretinal surgeon. Equipment and Instrumen- 
tation provides a comprehensive photographic 
description of currently available microsurgical 
dissection instruments and vitrectomy and 
lensectomy systems. Basic Vitrectomy and An- 
cillary Vitreoretinal Surgical Techniques cover 
topics ranging in complexity from preparing 
sclerotomy sites to retinotomy for subretinal 
organization, with emphasis on the prevention 
and management of complications. The chap- 
ters on management of pupillary membranes, 
miosis, and pre-existing cataract provide many 
useful approaches to these conditions. Prolifer- 
ative Vitreoretinopathy gives excellent cover- 
age of the management of both anterior and 
posterior manifestations of the disease. A well- 
illustrated approach to managing intraocular 
foreign bodies in provided in the section on 
trauma. 

As in most texts illustrating surgical ap- 
proaches, those described in this atlas reflect 
the authors’ preferences. The chapters on rheg- 
matogenous retinal detachment cover both epi- 
scleral and intrascleral buckling, with the latter 
being emphasized to a much greater degree. 
Circumcision and segmentation techniques for 
the management of diabetic tractional retinal 
detachment are illustrated in detail, whereas 
the en bloc delamination technique is covered 
briefly in the text. Approaches to the treatment 
of peripheral tears and pneumatic retinopexy 
are not reflective of the recently available indi- 
rect laser ophthalmoscope. Throughout the text 
a three-port, closed vitrectomy system is em- 
phasized. 

Occasional typographic errors are present, 
the most noteworthy of which may be a recom- 
mended dosage of intraocular vancomycin of 
100 to 500 mg/0.1 ml for the treatment of 
bacterial endophthalmitis. The accepted dos- 
age is 1.0 mg/0.1 ml. These errors do not reflect 
the meticulous attention to detail throughout 
the remainder of the text. 

This atlas is both a unique and outstanding 
addition to the currently available texts on 
vitreoretinal surgery. It is a practical, visually 
oriented guide, extremely valuable to those 
embarking on a career in vitreoretinal surgery. 
It will also provide the experienced vitreoreti- 
nal surgeon with an invaluable reference to 
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those techniques that the authors have success- 
fully adopted in their management of vitreoret- 
inal disease. 


A Natural History of the Senses. By Diane Acker- 
man. New York, Random House Publishing, 
1990. 332 pages, index. $19.95 


Reviewed by Roy MECKLER AND LYNN MECKLER 
Louisville, Kentucky 


This book is a song of praise for the joys of 
sensory input. It may be that physicians espe- 
cially need to hear this message in an age of 
technologic explosion. Experienced physicians 
are counseling a renaissance of the senses: a 
return to the application in clinical practice of 
smell, touch, taste, hearing, and vision. Diane 
Ackerman explores the origin and evolution of 
the senses, their cultural representation, their 
range, and their folklore and science. She gives 
us a stimulating and comprehensive tour. 

There are chapters on all five of the primary 
senses with a chapter on synesthesia, a post- 
script, and suggestions for further reading. The 
outline of the anatomy and physiology of each 
of the senses may be cursory and elementary, 
but the real value and joy of this book is in its 
historical, anthropologic, evolutionary, liter- 
ary, and poetic synthesis. 

A quick glance at the subheadings of the 
chapter on smell underlines Ackerman’s holis- 
tic approach to sensory experience: “the mute 
sense,” “ʻa map of smell,” “of violets and neu- 
rons,” “the shape of smell,” “buckets of light,” 
“the winter palace of monarchs,” “the oceans 
inside us,” “notions and nations of sweat,” 
“the personality of smell,” “pheromones,” 
“noses,” “sneezing,” “smell as camouflage,” 
“roses,” “the fallen angel,” “anosmia,” “ prod- 
igies of smell,” “ʻa famous nose,” “an offering 
to the Gods,” and “Cleopatra's heirs.” 

Ms. Ackerman writes beautifully, her subject 
is relevant for physicians, and there is little 
doubt that our busy lives would be enriched by 
pausing to “smell the roses.” Her book is sure 
to exhilarate other sensuists (those who rejoice 
in sensory experience) and “cause less-extrava- 
gant minds at least to pause a moment and 
marvel.” Marvel we did. 
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Books Received 


Creative Medical Teaching. By Neal Whitman. 
Salt Lake City, Department of Family and Pre- 
ventive Medicine, 1990. 235 pages, index, illus- 
trated. $24 


Neal Whitman is a teacher who gives work- 
shops on medical teaching. This text is a col- 
lection of his tips, tricks, and techniques for 
improving teaching. They are arranged alpha- 
betically and are vigorously cross-referenced. 

This is a valuable, consciousness-raising 
book. Everyone who works with medical stu- 
dents and residents should browse through 
it—the gems are thick on the ground. 
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The Book List 


Angle-Closure Glaucoma. By Stanley Hyams. 
Amsterdam, Kugler & Ghedini Publications, 
1990. 186 pages, index. $45 


Electrophysiologic Testing in Disorders of the 
Retina, Optic Nerve, and Visual Pathway. By 
Gerald Allen Fishman and Samuel Sokol. San 
Francisco, American Academy of Ophthalmolo- 
gy, 1990. Softcover, 164 pages, index, illustrat- 
ed. $35 


Eye Diseases in Hot Climates, ed. 2. By John 
Sandford-Smith. Stoneham, Massachusetts, 
Butterworths, 1990. Softcover, 241 pages, in- 
dex, illustrated. $34.95 


Radiology of the Eye and Orbit. Modern Neuro- 
radiology, vol. 4. Edited by Thomas H. Newton 
and Larissa T. Bilaniuk. New York, Raven 
Press, 1990. 320 pages, index, illustrated. $115 





ABSTRACT DEPARTMENT 


Edited by Michael A. Kass, M.D. 





A clinician’s guide to cost-effectiveness 
analysis. Detsky, A. S.*, and Naglie, |. G.: Ann. 
Intern. Med. 113:147, 1990. 


COST EFFECTIVENESS, CLINICAL OUTCOMES, 
MEDICAL CARE 


Cost-effectiveness analysis can be used to 
help set priorities for funding health care pro- 
grams. For each intervention, the costs and 
clinical outcomes associated with that strategy 
must be compared with an alternate strategy for 
treating the same patients. If an intervention 
results in improved outcomes but also costs 
more, the incremental cost per incremental unit 
of clinical outcome should be calculated. The 
incremental cost-effectiveness ratios for vari- 
ous programs can be ranked to set funding 
priorities. By using this list, the person respon- 
sible for allocating resources can maximize the 
net health benefit for a target population de- 
rived from a fixed budget. Clinicians may not 
share this objective because, individually, they 
are appropriately concerned solely with the 
effectiveness of a specific intervention for their 
patients and are not concerned with the benefit 
derived from spending those resources on other 
patients in the target population. Additioanlly, 
allocation may be driven by distributional and 
political objectives. Nevertheless, cost-effec- 
tiveness analysis demonstrates the consequenc- 
es of allocation decisions. Because clinicians 
should participate in policy making, they must 
understand the role of this technique in setting 
funding priorities.—Authors’ abstract 


“Toronto General Hospital, EN G-246, 200 Elizabeth 
St., Toronto, Ontario, Canada M5G 2C4. 


Production of arrhythmias by elevated car- 
boxyhemoglobin in patients with coronary ar- 
tery disease. Sheps, D. S.*, Herbst, M. C., 
Hinderliter, A. L., Adams, K. F., Ekelund, L. G., 
O'Neil, J.J., Goldstein, G.M., Bromberg, 
P. A., Dalton, J. L., Ballenger, M. N., Davis, 
S.M., and Koch, G. G.: Ann. Intern. Med. 
113:343, 1990. 


721 


ARRHYTHMIA, CARBOXYHEMOGLOBIN. CARBON 
MONOXIDE, SUDDEN DEATH 


Coronary artery disease often leads to ar- 
rhythmias and sudden death. A study was per- 
formed to determine whether exposure to car- 
bon monoxide leads to arrhythmias. Forty-one 
nonsmoking patients with documented history 
of coronary artery disease underwent baseline 
measurements of carboxyhemoglobin and bi- 
cycle exercise tests. On subsequent days, pa- 
tients repeated the bicycle exercise tests with 
radionuclide ventriculography and electrocar- 
diographic monitoring while being exposed to 
room air, 100 ppm of carbon monoxide, or 200 
ppm of carbon monoxide. The number and 
complexity of ventricular arrhythmias in- 
creased significantly during exercise with expo- 
sure to 200 ppm of carbon monoxide. The 
arrhythmias were more common in older pa- 
tients and in patients with higher levels of 
exercise tolerance. Carbon monoxide levels of 
100 to 400 ppm have been detected in traffic 
tunnels.—Michael A. Kass 


*Division of Cardiology, CB 7075, Burnett- Womack 
Bldg., University of North Carolina, Chapel Hill, NC 
27599-7075. 


Symptoms of low blood pressure. A popula- 
tion study. Wessely, S.*, Nickson, J., and Cox, 
B.: Br. Med. J. 301:362, 1990. 


LOW BLOOD PRESSURE, TIREDNESS, DIZZINESS. 
HEADACHE, PALPITATION 


In many countries, such as England, the Unit- 
ed States and Canada, blood pressure in the low 
normal range is regarded as desirable. In con- 
trast, in other countries, such as Germany, low 
blood pressure is seen as a pathologic state 
associated with numerous symptoms. This dif- 
ference was explored in 7,383 adults, chosen 
from the electoral register in England, Wales, 
and Scotland. These subjects underwent meas- 
urements of blood pressure and body mass 
index, and also underwent interviews concern- 
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ing smoking, social class, exercise, physical amd 
psychologic illness, hours of sleep, and use of 
drugs. Symptoms of tiredness and feeling faint 
were more common in individuals with lower 
systolic blood pressure. This effect persisted 
after correction of the data for possible con- 
founding effects of age, sex, taking of drugs, 
physical illness, exercise, and body mass index. 
The symptom of headache was associated with 
low blood pressure, and the symptom of palpi- 
tation was associated with high blood pressure. 
Both of these symptoms, however, were ex- 
plained by the confounding factor of age.— 
Michael A. Kass 


“Institute of Psychiatry, London, England SE5 8AF. 


Drinking and flying. The problem of alcohol 
use by pilots. Modell, J. G.*, and Mountz, 
J. M.: N. Engl. J. Med. 323:455, 1990. 


PILOTS, ALCOHOL USE, AVIATION ACCIDENTS 


In this review the authors note that 10% to 
30% of pilots involved in fatal aircraft accidents 
had measurable alcohol concentrations in their 
blood. Approximately one half of these pilots 
had blood alcohol concentrations above the 
legal limit in most states for the operation of a 
motor vehicle. Surveys have found that 16% of 
pilots admitted to heavy drinking, a frequency 
similar to that in the general population. Many 
pilots overestimated the number of drinks nec- 
essary to raise the blood alcohol concentration 
to dangerous levels and underestimated the 
time necessary for its decline. The authors 
recommend that allowable blood alcohol con- 
centration in pilots should be reduced to 0.01% 
per volume of blood (2.2 mmol/l), a level which 
would allow for minor errors in the perfor- 
mance of the tests. Second, they recommend 
that the time between drinking and flying be 
lengthened from eight to at least 12 hours. 
Finally, the authors recommend the use of igni- 
tion-intralock systems that require the perfor- 
mance of a brief task to test reaction time, 
short-term memory, visual tracking, and other 
measures of psychomotor coordination. To start 
the vehicle, the operator must be able to per- 
form the required tasks at some predetermined 
level of speed and accuracy. The authors also 


suggest that pilots undergo training programs, 
which include rationale for these regula- 
tions.—Michael A. Kass 


*1500 E. Medical Center Dr., University Hospital 
Rm. 8806, Box 0116, Ann Arbor, MI 48109-0116. 


A double-blind study of symptom provocation 
to determine food sensitivity. Jewett, D. L.*, 
Fein, G., and Greenberg, M. H.: N. Engl. J. 
Med. 323:429, 1990. 


FOOD SENSITIVITY, INTRADERMAL INJECTION 


There is considerable controversy concerning 
whether food allergies can be identified by the 
so-called provocation-neutralization tech- 
nique. In this technique, food extracts are in- 
jected intracutaneously to determine whether 
these foods produce symptoms. The symptoms 
produced include headache, nasal stuffiness, 
malaise, depression, fatigue, abdominal dis- 
comfort, bloating, anger, memory loss, and 
tightness in the chest. A double-masked study 
was carried out in the offices of seven physi- 
cians who were proponents of this technique 
and experienced in its use. Eighteen patients 
were tested in 20 sessions (two patients were 
tested twice) by the same technician using the 
same extracts as those previously thought to 
provoke symptoms during unmasked testing. 
At each session three injections of extract and 
nine injections of diluent were given in a ran- 
dom sequence. No patient had a history of 
asthma or anaphylaxis. The responses of the 
patients to the active and control injections 
were indistinguishable. The patients thought 
27% of the extract injections and 24% of the 
control injections were active substances. Neu- 
tralizing doses given to treat the induced symp- 
toms were equally efficacious whether the in- 
jection was of the suspected allergen or saline. 
When the provocation of symptoms to identify 
food sensitivities is evaluated under double- 
masked conditions, the technique appears to 
lack scientific validity. The frequency of posi- 
tive responses to the injected extracts appears 
to be the result of suggestion.—Michael A. Kass 


“Special Studies Unit, Department of Orthopaedic 
Surgery, University of California, San Francisco, CA 
94143-0728. 
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Compliance declines between clinic visits. 
Cramer, J. A.*, Scheyer, R. D., and Mattson, 
R. H.: Arch. Intern. Med. 150:1509, 1990. 


COMPLIANCE, ANTIEPILEPTIC THERAPY 


Electronic medication monitors were used to 
study 20 patients who were receiving long-term 
medical therapy for epilepsy. The patients re- 
ceived their medications in the monitoring de- 
vices and, after the devices had been collected 
at a later date, the compliance rates were calcu- 
lated for the five days before a clinic visit, the 
five days after a clinic visit, and the five days 
that were approximately midway between the 
clinic visits. The compliance rates for the entire 
group for the five days before and the five days 
after a clinic visit were almost identical at 
88.3% + 17% and 86.4% + 17%, respectively. 
A significant decline in mean compliance to 
72.8% + 22% was noted for the five-day period 
midway between the clinic visits. Seven of the 
20 patients skipped all doses on one or more 
days per month. The significant decline in com- 
pliance between visits may be an important 
factor in poor responses to medical treatment. It 
is possible that an increased frequency of visits 
would improve compliance with medical 
therapy.—Michael A. Kass 


“Epilepsy Research-127, VA Medical Center, 950 
Campbell Ave., West Haven, CT 06516. 


Prevalence of reading disability in boys and 
girls. Results of the Connecticut longitudinal 
study. Shaywitz, S.E.*, Shaywitz, B.A., 
Fletcher, J. M., and Escobar, M. D.: JAMA 
264:998, 1990. 


READING DISABILITY, PREVALENCE IN BOYS AND 
GIRLS 


We hypothesized that results of previous in- 
vestigations indicating an increased prevalence 
of reading disability in boys compared with 
girls reflected a bias in subject selection. In an 
epidemiologic sample of 215 girls and 199 
boys, we identified two groups of reading- 
disabled children: research identified and 
school identified. Results indicated no signifi- 
cant differences in the prevalence of reading 
disability in research-identified boys compared 


with research-identified girls in either second 
(17 [8.7%] of 196 boys; 15 [6.9%] of 216 girls) or 
third grade (18 [9.0%] of 199 boys; 13 [6.0%] of 
215 girls). In contrast, school identification re- 
sulted in the classification of 27 (13.6%) of 198 
boys and seven (3.2%) of 216 girls in second 
grade, and 20 (10.0%) of 199 boys and nine 
(4.2%) of 215 girls in third grade. Our data 
indicate that school-identified samples are al- 
most unavoidably subject to a referral bias and 
that reports of an increased prevalence of read- 
ing disability in boys may reflect this bias in 
ascertainment. These findings caution against 
relying solely on schools for identification of 
reading-disabled children.—Authors’ abstract 


“Department of Pediatrics, Yale University School of 
Medicine, P.O. Box 3333, New Haven, CT 06510- 
8064. 


Explanation for good visual acuity in uncor- 
rected residual hyperopia and presbyopia af- 
ter radial keratotomy. Hemenger, R. P., Tom- 
linson, A.*, and McDonnell, P.J.: Invest. 
Ophthalmol. Vis. Sci. 31:1644, 1990. 


RADIAL KERATOTOMY, RESIDUAL REFRACTIVE 
ERROR, MULTIFOCAL CORNEAL ZONES 


It has been reported that patients who have 
undergone radial keratotomy may have better 
uncorrected visual acuity than would be pre- 
dicted from the magnitude of the residual re- 
fractive error. Furthermore, some patients with 
postkeratotomy presbyopia whose eyes are cor- 
rected only for distance, appear to have ade- 
quate near vision. The authors studied photo- 
keratoscopic data from people who had 
undergone radial keratotomy. In some individ- 
uals the dioptric power increased substantially 
from the center of the cornea to the periphery. 
The increased spherical aberration made the 
cornea bifocal with a second well-defined focus 
1.5 diopters or more in front of the principle 
focus of the eye. The authors proposed that this 
explains the good visual acuity noted in some 
individuals who have residual hyperopia after 
radial keratotomy. This may also explain good 
near vision in patients with presbyopia after 
the surgical procedure.—Michael A. Kass 


“Southern California College of Optometry, 2575 
Yorba Linda Blvd., Fullerton, CA 92631. 
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Layer-by-layer analysis of macular diseases 
with objectively measured visual functions. 
Miyake, Y.*: Jpn. J. Ophthalmol. 34:225, 1990. 


MACULAR DISEASE, FOCAL MACULAR 
ELECTRORETINOGRAPHY AND VISUAL-EVOKED 
POTENTIAL, FOVEAL CONE DENSITOMETRY, 
MACULAR OSCILLATORY POTENTIALS 


New methods were developed to measure 
layer-by-layer visual function in patients with 
macular diseases. A prototype apparatus was 
assembled for foveal cone densitometry that 
combined a modified fundus camera, indepen- 
dent optic pathways, and a personal computer. 
Using a two-way density technique, the density 
and regeneration time of the foveal cone pig- 
ment were measured objectively. Data on layer- 
by-layer visual function were obtained with 
a-wave, b-wave, and oscillatory potentials as 
recorded by focal macular electroretinography. 
Since the retinal origin of each component is 
different, the comparative measurement of 
these components indicates which layer of the 
macula is disturbed. The simultaneous record- 
ing of the focal macular electroretinogram and 
the visual-evoked potential will be useful in 
determining which part of the visual pathway is 
impaired.—Michael A. Kass 


“Department of Ophthalmology, Nagoya University 
School of Medicine, 65 Tsuruma-cho, Showa-ku, 
Nagoya 466, Japan. 


Clofazamine-induced generalized retinal de- 
generation. Cunningham, C.A., Friedberg, 
D. N., and Carr, R. E.*: Retina 10:131, 1990. 


CLOFAZAMINE, ANNULAR MACULOPATHY, 
GENERALIZED RETINAL DEGENERATION 


Clofazamine is a drug with antimycobacterial 
and antiinflammatory activity. This drug has 
been used to treat dapsone-resistant leprosy as 
well as a variety of dermatologic disorders 
including erythema nodosum, psoriasis, and 
pyoderma gangrenosum. Recently clofazamine 
has also been used to treat Mycobacterium 
avium complex infections in patients with ac- 
quired immunodeficiency syndrome. Clofaza- 
mine crystals accumulate in a number of ocular 
tissues, and the drug has been reported to cause 


superficial pigmented corneal lines and brown 
discoloration of the conjunctiva and tears. A 
37-year-old man with AIDS received clofaza- 
mine treatment for a disseminated M. avium 
complex infection. After about eight months of 
treatment, annular maculopathy was noted in 
both eyes. There was marked reduction in the 
b-wave amplitudes on the full-field photopic, 
scotopic, and flicker electroretinograms. This 
implies that there was not only focal macular 
damage but widespread retinal damage as 
well.—Michael A. Kass 


“Department of Ophthalmology, New York Universi- 
ty Medical Center, 550 First Ave., New York, NY 
10016. 


Transplantation of embryonic retina to adult 
retina in rabbits. Seiler, M.*, Aramant, R. B., 
Ehinger, B., and Adolph, A. R.: Exp. Eye Res. 
51:225, 1990. 


RETINAL TRANSPLANTATION, FETAL RETINAL 
TISSUE 


Embryonic retinal tissue was obtained from 
rabbits at the 15th day of gestation. The embry- 
onic tissue was then injected into the eyes of 4- 
to 6-week-old rabbits. Four weeks after trans- 
plantation, a retinal tissue graft 1 to 2 mm in 
diameter was noted in most of the eyes. The 
grafts consisted of folded sheets and many 
rosettes. Surviving grafts have been found for 
as long as 6% months after surgery. All retinal 
cell types, except retinal ganglion cells, 
developed in these transplants. This study indi- 
cates that retinal homografts will survive for 
several months in rabbit eyes. Further studies 
must be done to determine factors that could 
improve the transplantation, including trophic 
factors, extracellular matrix, and supporting 
cells.—Michael A. Kass 


*Department of Ophthalmology, University of Lund, 
22185 Lund, Sweden. 


Aging changes of the rhesus monkey optic 
nerve. Morrison, J. C., Cork, L. C., Dunkel- 
berger, G. R., Brown, A., and Quigley, H. A.*: 
Invest. Ophthalmol. Vis. Sci. 31:1623, 1990. 
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OPTIC NERVE, AGE-RELATED LOSS OF AXONS 


Optic nerve axons were counted in 28 rhesus 
monkeys using an automated image analysis 
system. All optic nerves were fixed immediately 
after death and treated identically. The animals 
ranged in age from 1.5 to 29 years, which 
corresponds to a human age range of 4.5 to 87 
years. The mean number of axons for all speci- 
mens was 1,117,859. There was considerable 
variation in the number of axons found in 
animals of similar age. Optic nerves from 
young monkeys had more fibers than those 
from old monkeys. Linear regression analysis 
suggested that the optic nerve loses approxi- 
mately 4,500 fibers per year of life. Age had no 
significant effect on mean axonal diameter.— 
Michael A. Kass 


“Room B110, Maumenee Bldg., The Wilmer Institute, 
Johns Hopkins University, 601 N. Wolfe St., Balti- 
more, MD 21205. 


Double-blind, placebo-controlled trial of bot- 
ulinum toxin injections for the treatment of 
spasmodic torticollis. Greene, P.*, Kang, U., 
Fahn, S., Brin, M., Moskowitz, C., and Flaster, 
E.: Neurology 40:1213, 1990. 


BOTULINUM TOXIN, SPASMODIC TORTICOLLIS 


Fifty-five patients were enrolled in a double- 
masked, placebo-controlled study of the effec- 
tiveness of botulinum toxin injections for the 
treatment of spasmodic torticollis. Patients re- 
ceived a standard series of injections of either 
placebo or botulinum toxin. Compared with 
placebo, botulinum toxin produced statistically 
significant improvements in the severity of the 
torticollis, disability, pain, and degree of head 
turning. There were no serious side effects of 
the injections. During the double-masked 
phase, 61% of the patients injected with botuli- 
num toxin improved; 74% of the patients sub- 
sequently improved during a later open phase 
using a higher dose of the botulinum toxin. The 
response to therapy was not affected by the 
direction of the head turning, the severity of the 
torticollis, or the presence or absence of jerky 
movements of the head.—Michael A. Kass 


*710 W. 168th St., New York, NY 10032. 


Graves’ ophthalmopathy. V. Aetiology of up- 
per eyelid retraction in Graves’ ophthalmopa- 
thy. Feldon, S. E.*, and Levin, L.: Br. J. Oph- 
thalmol. 74:484, 1990. 


GRAVES’ OPHTHALMOPATHY, EYELID 
RETRACTION, EYELID LAG 


Retraction of the upper eyelid and lag of the 
upper eyelid on downgaze are characteristic 
Signs of Graves’ ophthalmopathy. Although 
these signs have been attributed to inflammato- 
ry swelling and fibrosis of the extraocular mus- 
cles, the pathophysiologic basis for the eyelid 
abnormalities is not clear. Computed tomo- 
graphic scans of the orbits were performed in 
76 patients with Graves’ ophthalmopathy. 
Clinically observed eyelid retraction and eyelid 
lag did not correlate with either the volume of 
the extraocular muscles seen on tomography or 
limitation of vertical ocular movements on clin- 
ical examination. These results do not support 
previous hypotheses that muscle hypertrophy 
or levator/superior rectus muscle overaction 
secondary to inferior rectus muscle restriction 
are the major causes of eyelid retraction and 
eyelid lag. The authors postulate that local 
adhesions of the levator muscle to fixed orbital 
tissues are the most likely cause for the charac- 
teristic eyelid retraction and eyelid lag of 
Graves’ ophthalmopathy.—Michael A. Kass 


“Doheny Eye Institute, 1355 San Pablo St., Los Ange- 
les, CA 90033. 


A randomized comparison of midazolam and 
diazepam injectable emulsion in cataract sur- 
gery. Chung, F.*, Cheng, D. C. H., Seyone, C., 
and Dyck, B. J.: Can. J. Anaesth. 37:528, 1990. 


CATARACT SURGERY, ANESTHESIA, MIDAZOLAM. 
DIAZEPAM 


This study compared the psychomotor recov- 
ery of patients sedated with either midazolam 
or diazepam injectable emulsion before cata- 
ract surgery. Sixty patients were randomly as- 
signed in a double-masked fashion to receive 
either midazolam or diazepam in oil emulsion 
as intravenous sedation for cataract surgery. 
Both groups also received intravenous fentany! 
0.5 wg/kg of body weight. Tests of cognition 
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were performed by the patients before sedation 
and at half-hour intervals for three hours after 
the operation. In a dose ratio of 1:4, midazolam 
was found to produce better sedation but more 
prolonged recovery than diazepam emulsion. 
Anterograde amnesia was comparable in the 
two groups. Four patients in the diazepam 
group and only one patient in the midazolam 
group developed episodes of apnea. Addition- 
ally, five patients in the diazepam group had 
tenderness at the injection site at one and 24 
hours, whereas none of the individuals in the 
midazolam group had these problems.— 
Michael A. Kass 


*Department of Anaesthesia, Toronto Western Divi- 
sion, Toronto Hospital, 399 Bathurst St., Toronto, 
Ontario, Canada M5T 258. 


Toxic endothelial cell destruction of the cor- 
nea after routine extracapsular cataract sur- 
gery. Breebaart, A. C.*, Nuyts, R. M. M. A., 


Pels, E., Edelhauser, H.F., and Verbraak, 
F. D.: Arch. Ophthalmol. 108:1121, 1990. 


CORNEAL ENDOTHELIAL CELL DESTRUCTION, 
DETERGENT SOLUTION 


Eighteen patients developed acute corneal 
star-shaped endothelial folds and a twofold 
increase in corneal thickness after intraocular 
surgery. Some patients also had iritis and tran- 
sient hypotony. The condition did not respond 
to topical or subconjunctival corticosteroids. 
Specular microscopy demonstrated a mean 
72% decrease in corneal endothelial cell densi- 
ty when compared to the fellow eyes. The 
authors named this condition toxic endothelial 
cell destruction. This syndrome was linked 
with a tenfold increase of a detergent solution 
in the ultrasonic bath for cleaning surgical 
instruments. The authors recommend that all 
detergents be removed from surgical instru- 
ments by careful cleaning.—Michael A. Kass 


*Department of Ophthalmology, Academic Medical 
Center, University of Amsterdam, Meibergdreef 9, 
1105 AZ, Amsterdam, The Netherlands. 
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Send News Items to 
American Journal of Ophthalmology 
435 N. Michigan Ave., Suite 1415 
Chicago, IL 60611 
The Journal invites readers to submit announcements 
concerning meetings, postgraduate courses, lectures, 
honors, and appointments. Each item must be typed 
double-spaced on bond paper with 1%-inch margins. 
Only one news item should be submitted on each page. 
Announcements concerning meetings and courses must 
contain the title, location, dates, sponsors, and address 
required for additional information. Each item must not 
exceed 75 words in length and be prepared in narrative, 
not outline, form. Announcements of meetings and cours- 
es must be received at least four months before the event. 


American Academy of Ophthalmology: 
Future Meetings 


Future meetings of the American Academy of 
Ophthalmology are as follows: 

Oct. 13-17, 1991—Anaheim 

Nov. 8-12, 1992—Dallas 

Nov. 14-18, 1993—Chicago 

Oct. 30-Nov. 3, 1994—San Francisco 

Oct. 29-Nov. 2, 1995—Atlanta 

Oct. 6-10, 1996—Chicago (Centennial) 

Oct. 26-30, 1997—San Francisco 

Nov. 8-12, 1998—New Orleans 


Canadian Implant Association: 17th Annual 
Meeting 


The Canadian Implant Association: 17th An- 
nual Meeting will be held June 14 and 15, 1991, 
in Montreal, Canada. For further information, 
write Marvin L. Kwitko, M.D., Program Chair- 
man, 5591 Cote des Neiges Rd., Montreal, Que- 
bec, Canada, H3T 1Y8; telephone (514) 735- 
1133. 


Emory University School of Medicine: 28th 
Annual Department of Ophthalmology 
Alumni Postgraduate Course 


The 28th Annual Emory University Depart- 
ment of Ophthalmology Alumni Postgraduate 
Course will be held on Feb. 22 and 23, 1991, in 
Atlanta, Georgia. For further information, write 
Continuing Medical Education, Emory Univer- 
sity School of Medicine, Woodruff Health Sci- 
ences Administration Bldg., Atlanta, GA 30322. 


Hawaiian Eye Foundation: 12th Annual Royal 
Hawaiian Eye Meeting 


The Hawaiian Eye Foundation: 12th Annual 
Royal Hawaiian Eye Meeting will be held Jan. 
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19-26, 1991, in Waikoloa, Hawaii. For further 
information, write RHEM ‘90, c/o Mary 
Charles & Associates, 2334 S. King Street, Suite 
205, Honolulu, HA 96786. 


Manhattan Eye, Ear & Throat Hospital: The 
Cornea Seminar 


The Department of Ophthalmology of the 
Manhattan Eye, Ear & Throat Hospital will hold 
a seminar, The Cornea, in New York City on 
March 15 and 16, 1991. For further informa- 
tion, write Kimberly Corbin, Course Coordina- 
tor, Department of Ophthalmology, Manhattan 
Eye, Ear & Throat Hospital, 210 E. 64th St., 
New York, NY 10021: telephone (212) 605- 
3761. 


Manhattan Eye, Ear & Throat Hospital: 
Sigmund Schutz Visiting Professorship 


The Department of Ophthalmology of the 
Manhattan Eye, Ear & Throat Hospital will hold 
the Sigmund Schutz Visiting Professorship on 
March 21-23, 1991, in New York City. For 
further information, write Kimberly Corbin, 
Course Coordinator, Department of Ophthal- 
mology, Manhattan Eye, Ear & Throat Hospital, 
210 E. 64th St., New York, NY 10021; telephone 
(212) 605-3761 or Fax (212) 753-7699. 


10th Annual Squaw Valley Retina 
Symposium 


The 10th Annual Squaw Valley Retina Sym- 
posium will be held February 3-7, 1991, in 
Olympic Valley, California. For further infor- 
mation, write Mercy General Hospital, Com- 
munity Relations, 4001 “J” St., Sacramento, CA 


95819, 


Stanford University: The Management of 
Eye Trauma Course 


The Stanford University: The Management of 
Eye Trauma Course will be held Jan. 19, 1991, 
in Stanford, California. For further informa- 
tion, write Continuing Education Programs, 
Department of Ophthalmology, A-157, Stan- 
ford University Medical Center, Stanford, CA 
94305-5308; telephone (415) 723-5517. 


Utah Ophthalmological Society: Annual 
Winter Meeting 


The Utah Ophthalmological Society: Annual 
Winter Meeting will be held Feb. 19-22, 1991, 
in Salt Lake City, Utah. For further informa- 
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tion, write Jeanne Crippen, 540 E. Fifth S., Salt 
Lake City, UT 84102; telephone (801) 355- 
7477. 


West Virginia Academy of Ophthalmology: 
44th Annual National Spring Meeting 


The West Virginia Academy of Ophthalmolo- 
gy: 44th Annual National Spring Meeting will 
be held April 25-28, 1991, in White Sulphur 
Springs, West Virginia. For further information, 
write Patricia Schumann, Conference Coordi- 
nator, West Virginia Academy of Ophthalmolo- 
gy, P.O. Box 6302, WVU Health Sciences Cen- 
ter North, Morgantown, WV 26506; telephone 
(304) 293-3757. 


West Virginia University: 2nd Annual Alumni 
Weekend 


The West Virginia University: 2nd Annual 
Alumni Weekend will be held March 8 and 9, 
1991, in Morgantown, West Virginia. For fur- 
ther information, write Patricia Schumann, 
Conference Coordinator, Department of Oph- 
thalmology, WVU Health Sciences Center 
North, Morgantown, WV 26506; telephone 
(304) 293-3757. 


National Society to Prevent Blindness: 1991 
Burroughs Wellcome Research Fellowship in 
Ophthalmology 


The National Society to Prevent Blindness: 
1991 Burroughs Wellcome Research Fellowship 
in Ophthalmology to a physician who has com- 
pleted a residency in ophthalmology provides 
an annual stipend of $25,000 and $2,000 for 
laboratory expenses and travel incidental to 
fellowship training, with an optional second- 
year extension. Candidates must be United 
States citizens or permanent residents. The 
closing date for receipt of applications is March 
1, 1991. Applications are available from the 
National Society to Prevent Blindness, 500 E. 
Remington Rd., Schaumburg, IL 60173. 


Fight For Sight Research Division of the 
National Society to Prevent Blindness: 1991 
Awards Program 


The Fight For Sight Research Division of the 
National Society to Prevent Blindness awards 
program for 1991-1992 includes the following: 
grants-in-aid fund studies of priority interest 
and pilot projects with a maximum annual 
award of $12,000; postdoctoral fellowships 
with a maximum annual award of $14,000; and 
student fellowships for summer research with 


awards of $500 per month for a maximum of 
three months. The closing date for receipt of 
applications for 1991-1992 is March 1, 1991. 
Application forms and descriptive brochures 
are available from the Fight For Sight Research 
Division of the National Society to Prevent 
Blindness, 500 E. Remington Rd., Schaumburg, 
IL 60173. 


The Fight For Sight Research Division of the 
National Society to Prevent Blindness: 
1990-1991 Awards 


The 1990-1991 awards of the Fight For Sight 
Research Division of the National Society to 
Prevent Blindness totaling $392,300 are as fol- 
lows: 


Grants-in-Aid 

Neeraj Agarwal, Ph.D., Dept. of Pathology, 
University of Texas, Health Science Center, San 
Antonio, TX. “Isolation and Selection of RPE 
Specific Genes,” $9,000. 

Michael H. Chaitin, Ph.D., Dept. of Ophthal- 
mology, University of Miami, Miami, FL. “In 
Situ Hybridization of Actin mRNA in Retinal 
Photoreceptors,’’ $11,225. 

Roger D. Cone, Ph.D., Vollum Institute, Ore- 
gon Health Sciences University, Portland, OR. 
‘Molecular Analysis of the Role of TSH and 
Anti-TSH Receptor Antibodies in Graves’ Oph- 
thalmopathy,’’ $11,000. 

Rick H. Cote, Ph.D., Dept. of Biochemistry, 
University of New Hampshire, Durham, NH. 
“Regulation of Cytoplasmic GMP Concentra- 
tion in Rod Photoreceptors,”’ $11,000. 

Edward A. Essock, Ph.D., Dept. of Psycholo- 
gy, University of Louisville, Louisville, KY. 
‘Noninvasive Testing of Visual Function,” 
$11,995. 

Larry P. Frohman, M.D., Eye Institute of New 
Jersey, Newark, NJ. “The Incidence and Role of 
Anti-phospholipid Antibodies in Optic Neu- 
ropathies,’’ $11,000. 

Tseggai Gherezghiher, Ph.D., Dept. of Oph- 
thalmology, Dean A. McGee Eye Institute, 
Oklahoma City, OK. ‘‘Parasympathetic Nerv- 
ous Control of IOP,” $11,000. 

Leah T. Haimo, Ph.D., Dept. of Biology, Uni- 
versity of California, Riverside, CA. ‘‘Organelle 
Transport in the RPE,” $11,000. 

Randy H. Kardon, M.D., Ph.D., Dept. of Oph- 
thalmology, University of Iowa, Iowa City, IA. 
“Automated Pupil Perimetry in Visual Field 
Loss,” $11,000. 

Jan P. Koniarek, Ph.D., Dept. of Ophthalmol- 
ogy, Columbia University, New York, NY. 
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“Molecular Mechanisms of Extraocular Muscle 
Therapies,” $11,330; awarded in tribute to the 
memory of Dr. Hermann M. Burian and wife, 
Gladys. 

Simeon A. Lauer, M.D., Dept. of Ophthal- 
mology, Albert Einstein College of Medicine, 
Bronx, NY. “HPV and Ras in the Ocular Ad- 
nexa,” $11,000; awarded in memory of Mary E. 
and Alexander P. Hirsch. 

Albert M. Maguire, M.D., Eye Research Insti- 
tute, Oakland University, Rochester, MI. “Con- 
trol of Gene Expression in Retinal Photorecep- 
tors and CNS Pinealocytes by Common Opsin 
Promoters,” $6,000. 

Judith A. Miller, Ph.D., Dept. of Ophthalmol- 
ogy, Washington University, St. Louis, MO. 
“Effect of H-2 Haplotype on Herpetic Kerati- 
tis,” $11,000. 

Grant D. Nicol, Ph.D., Dept. of Pharmacolo- 
gy and Toxicology, Indiana University, Indian- 
apolis, IN. “Probes of the Light-regulated Cur- 
rent,” $11,000. 

Carmelo Romano, Ph.D., Dept. of Pharma- 
cology, University of Pennsylvania, Philadel- 
phia, PA. “Receptors for Excitatory Amino Ac- 
ids in Retina,” $11,000. 

Ellen S. Townes-Anderson, Ph.D., Dept. of 
Physiology, Cornell University Medical Col- 
lege, New York, NY. ‘Regeneration of Adult 
Retinal Neurons,” $7,000; awarded in memory 
of Mary E. and Alexander P. Hirsch. 

David S. Williams, Ph.D., Dept. of Visual 
Sciences, Indiana University, Bloomington, IN. 
“Protein Kinase C in Photoreceptors,’’ $11,000. 


Postdoctoral Research Fellowships 

Dolores Lopez Bernal, M.D., Dept. of Physi- 
ology, Medical College of Wisconsin, Milwau- 
kee, WI (John L. Ubels, Ph.D., Sponsor). ‘’Me- 
tabolism of Retinal Esters in the Lacrimal 
Gland,” $14,000. 

Mary Cherian, Ph.D., Dept. of Cell and Mo- 
lecular Biology, Medical College of Georgia, 
Augusta, GA (E. C. Abraham, Ph.D., Sponsor). 
“Effect of Aspirin Treatment on Diabetic, Ga- 
lactosemic and Senile Cataract,” $14,000. 

Jill Crooks, Ph.D., Dept. of Physiology, Uni- 
versity of Utah, Salt Lake City, UT (Helga Kolb, 
Ph.D., Sponsor). “Investigation into the Ana- 
tomical Basis of Retinal Ganglion Cells in Pri- 
mates,” $14,000. 

Ronald E. Dei Cas, M.D., Worthen Center For 
Clinical Studies, Georgetown University, 
Washington, DC (Jonathan Javitt, M.D., Spon- 
sor). “Detection and Control of Retinopathy in 
Patients with Type I and Type II Diabetes: A 
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Health Policy Model,” $14,000; awarded in 
tribute to Bob Hope. 

Patrick M. Flaharty, M.D., Dept. of Neuro- 
Ophthalmology, Wills Eye Hospital, Philadel- 
phia, PA (Robert C. Sergott, M.D., Sponsor). 
“Color Doppler Imaging in the Evaluation of 
Ischemic Optic Neuropathy and Central Retinal 
Vein Occlusion,” $14,000. 

Suzanne M. J. Fleiszig, Ph.D., Dept. of Medi- 
cine, Brigham and Women’s Hospital, Boston, 
MA (Gerald B. Pier, Ph.D., Sponsor). “Studies 
of Bacterial Adherence to Corneal Epithelium 
During Extended Wear of Soft Contact Lenses,” 
$14,000. 

Sharon F. Freedman, M.D., Dept. of Ophthal- 
mology, Duke University, Durham, NC (Diane 
L. Hatchell, Ph.D., Sponsor). ‘’Neutrophilo- 
Generated Free Radicals and Related Mecha- 
nisms for Capillary Closure in Diabetic Reti- 
nopathy,’’ $14,000; awarded in memory of 
Mary E. and Alexander P. Hirsch. 

Shi Huang, Ph.D., Dept. of Pathology, Uni- 
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